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Objectives:  To investigate the vegetable and fruit, “other” foods, fibre, folate, vitamin A, and vitamin C intakes of 
First Nations children and adolescents residing in seven communities in northern and southern Ontario, including 
variations by year and community, and comparisons to current dietary standards and national averages based on age 
and sex.  Also, to implement and assess the impact of two school nutrition programs (in Kashechewan and Fort 
Albany, Ontario) on dietary intakes of vegetable and fruit, “other” foods, fibre, folate, vitamin A, and vitamin C.  
Also, to evaluate the two school nutrition programs, one a simple food provision program in Kashechewan, Ontario 
and the other a more comprehensive school nutrition program in Fort Albany, Ontario, in terms of student and 
teacher impressions and program integrity.  For the program in Fort Albany, the impact of the program on nutrition 
knowledge, self-efficacy, and intentions to eat more vegetables and fruit will also be assessed.  Finally, to 
investigate the association between Body Mass Index (BMI) and vegetable and fruit and fibre intake in First Nations 
children and adolescents living on reserve in Ontario.   
 
Methods:  Dietary intakes were evaluated using 24-hour dietary recall data collected via the validated Web-Based 
Eating Behaviour Questionnaire (WEB-Q) between 2003 and 2010 in seven First Nations communities in northern 
(Attawapiskat, Fort Albany, Kashechewan, Moose Factory, and Peawanuck) and southern (Christian Island and 
Georgina Island) Ontario.  Vegetable and fruit, “other” foods, fibre, folate, vitamin A, and vitamin C intakes were 
compared to current dietary standards and Canadian Community Health Survey Cycle 2.2 (CCHS).  Yearly and 
community differences in intakes were assessed using specific dataset pairs to control for season, year, and 
community, where conditions were comparable. The association between vegetable and fruit and fibre intake and 
BMI was investigated using the weight classifications described by Cole and colleagues (2000) and based on self-
reported heights and weights.  The impact of a simple food provision program in Kashechewan First Nation was 
examined in terms of vegetable and fruit, “other” foods, fibre, folate, vitamin A, and vitamin C intakes pre-, one-
week post, and one-year post program using the WEB-Q. Finally, the impact of a comprehensive school vegetable 
and fruit education program was evaluated in terms of vegetable and fruit, “other” foods, fibre, folate, vitamin A, 
and vitamin C intakes, nutrition knowledge and preferences, and intentions and self-efficacy to eat more vegetables 
and fruit pre- and post-program using validated questionnaires. Within each program, parent/guardian, student, and 
teacher impressions of the program were evaluated via questionnaires and focus groups. 
iv 
Results:  The majority of participants (n=443 students from seven communities) had intakes of vegetables and fruit 
and relevant nutrients below current standards, with the exception of vitamin C.  Mean intakes of vegetables and 
fruit fell below Canadian Community Health Survey averages.  Mean intakes of “other” foods exceeded vegetable 
and fruit intakes in all age and sex groups in terms of servings.  There was no significant association between 
vegetable and fruit or fibre intake and BMI.  In certain instances, significant variation in intakes existed between 
different years and communities.  Under ideal conditions (short-term, investigator-run portion of the program), the 
school food provision program in Kashechewan First Nation produced improvements in vegetable and fruit intakes 
(n.s.).  Long-term intakes did not improve.  Teacher and principal impressions of the program were overwhelmingly 
positive.  In the short term, the vegetable and fruit, relevant nutrient, and “other” foods intakes of students in Fort 
Albany did not significantly change following a comprehensive school nutrition education program, and neither did 
intentions or self-efficacy to eat more vegetables and fruit.  However, the program resulted in significantly improved 
nutrition knowledge, as well as significant improvements in the number of vegetables and fruit that participants had 
been exposed to and liked.  The majority of parents, teachers, and students had positive impressions of the program. 
 
Conclusions: Overall, the dietary intakes of the study participants were characterized by poor intakes of vegetables 
and fruit and intakes of “other” foods that exceeded vegetable and fruit intakes in all age and sex groups.  Rates of 
overweight and obesity were higher than those reported in the CCHS.  With adequate resources and support, school 
nutrition programs have the potential to improve the vegetable and fruit intakes of children and adolescents living in 
the communities involved in this research.  However, it is probable that the numerous barriers to healthy eating 
identified in the communities examined blunted the positive effects of the program piloted in this study.  Future 
initiatives should include community-based approaches to improve accessibility of affordable, healthy foods of 
reasonable quality.  In conjunction with school nutrition programs, such programs may have the ability to positively 
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1.0 Chapter 1: Introduction and Overview 
 
1.1 Statement of the Problem 
 
 Aboriginal people in Canada have experienced a rapid acculturation that has drastically changed their 
traditional way of life.  Canadian Aboriginal populations now rely heavily on market foods, generally of low 
nutritional quality, in substitute for the traditional foods that had previously been dietary staples.  Typical hunting, 
gathering, and fishing practices have also considerably declined.  In terms of health, the detrimental effect that 
acculturation has had on the diets and lifestyles of Aboriginal people has left them at an increased risk for a 
number of chronic diseases, namely overweight, obesity, type 2 diabetes and the metabolic syndrome.  
Explanations for the health disparities in Canada’s Aboriginal population include environmental factors such as 
diet and physical activity, as well as the possibility of a genetic predisposition that may exist in this population. 
That being said, although unhealthy diets and physical inactivity are immediate contributors to overweight and 
obesity in this population, the etiology of obesity is complex.  The reasons for which a person consumes certain 
foods are the result of individual factors (physiological factors, psychological factors, food preferences, 
perceptions of healthy eating, knowledge, and attitudes) and environmental factors (physical, interpersonal, and 
social factors), all which interact to determine what we eat (Woodruff & Hanning, 2008). 
 
 Aboriginal people are one of the most marginalized subpopulations, and consequently face unequal 
access to resources such as education, health care, and employment, only to name a few.  The health disparities 
facing Aboriginal Canadians are only compounded by high rates of poverty and food insecurity. School nutrition 
programs may have the potential to reach a large proportion of the population and to improve diets and physical 
activity levels.  The current study will investigate the vegetable and fruit intakes of Aboriginal schoolchildren in 
Ontario, Canada, and the impact of a school snack program and a comprehensive school nutrition program on the 








 Overweight, obesity, and type 2 diabetes have reached epidemic proportions in Aboriginal populations in 
Canada, mainly due to poor diets, a lack of physical activity, and possible genetic susceptibility.  Poverty and food 
insecurity only amplify the health problems that this population faces.  Even more concerning are the rising 
prevalences of overweight, obesity, and type 2 diabetes in Aboriginal children.  The poor health of many 
Aboriginal children is setting them up for a lifetime of health problems and most likely a shortened lifespan.  
Without any intervention, the situation will likely only continue to worsen. 
 
Unfortunately, only limited data are available concerning the diets of Aboriginal children living on 
reserve in Canada.  The paucity of such data makes it difficult to design effective interventions that target the root 
of the problem.  Nevertheless, school-based nutrition and physical activity interventions may be a promising 
approach, as overweight children are more likely to become overweight adults.  Also, as the lifestyle habits of 
adults are likely to be reflective of what they learned as children, intervening early will set children up for a 
lifetime of healthy eating and physical activity.  Vegetable and fruit intakes are also a promising target, 
considering the relationships that have been identified between vegetable and fruit intakes, obesity and chronic 
disease risk. 
 
The communities of the Mushkegowuk Territory desire data from their own communities on which to 
base interventions to decrease the rates of overweight, obesity, and type 2 diabetes in their people.  Between the 
years of 2003 and 2010, the validated Web-based Eating Behaviour Questionnaire has been used to collect data 
concerning the dietary and physical activity habits of children in the northern, remote, isolated communities of 
Attawapiskat, Fort Albany, Kashechewan, Moose Factory, and Peawanuck, Ontario and the southern communities 
of Christian Island and Georgina Island, Ontario.  This research aims to utilize these data as a foundation for the 
implementation of a pilot healthy school snack program at St. Andrew’s School in Kashechewan and a pilot 





2.0 Chapter 2: Literature Review 
 The following literature review aims to present the challenges faced by Aboriginal people in terms of diet 
and lifestyle concerns, poverty and marginalization, and a possible genetic predisposition to certain chronic 
diseases.  It will also present possible health improvement strategies, namely school nutrition programs targeting 
Aboriginal children and adolescents.   
 
2.1 Aboriginal People in Canada: Population Characteristics and Demographics  
 In Canada, 1 172 790 people identify themselves as Aboriginal according to 2006 Census data (Statistics 
Canada, 2008a).  The term “Aboriginal” refers to people of First Nations (FN), Inuit, or Métis heritage.  In 
Canada, 60% of the total Aboriginal population is FN, 33% Métis, and 4% Inuit (Statistics Canada, 2008b).  The 
Aboriginal population in Canada is much younger than the non-Aboriginal population. Nearly half (48%) of the 
population consists of children and youth aged 24 years or less (Statistics Canada, 2008a), and the median age is 
27 years (Statistics Canada, 2008b).  For comparison, in the Canadian non-Aboriginal population, 31% are aged 
24 years or less and the median age is 40 years.  The Aboriginal population is also fast growing, experiencing a 
growth of 45% between 1996 and 2006, nearly six times the rate of growth seen in the non-Aboriginal population 
of eight percent (Statistics Canada 2008a).  The majority of Canadian Aboriginal people live in Ontario and the 
western provinces (80%), and they are also reportedly becoming increasingly urban (Statistics Canada, 2008a).  In 
2006, 54% of Aboriginal Canadians were living in urban areas (Statistics Canada, 2008a), with 25% residing in 
nine of Canada’s 33 census metropolitan areas (Statistics Canada, 2008b).  Census data indicate that ten percent of 
Aboriginal Canadians live in Winnipeg, making the city the most popular place for Aboriginal people to call home 
(Statistics Canada, 2008b).  Following Winnipeg, Aboriginal people are most likely to live in Edmonton, 
Vancouver, Toronto, Calgary, Saskatoon, and Regina (Statistics Canada, 2008b). 
 
 Of note, census data as well as data from the Canadian Community Health Survey (CCHS) are reflective 
only of Aboriginal people living off reserve.  The lives of Aboriginal people on reserve share similarities but are 
also different from that of Aboriginal people living off reserve, however, much research targets only off reserve 
populations.  However, no matter where they dwell, Aboriginal people are often among the most marginalized of 
society (Kuhnlein, Erasmus, Creed-Kanashiro, Englberger, Okeke & Turner, 2006).  Poverty and food insecurity 
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are important issues, and in recent decades, chronic disease, obesity and type 2 diabetes have become epidemic in 
the Aboriginal population, more so even than in the general population (Young, Reading, Elias & O’Neil, 2000).   
 
2.2 Dietary Concerns, Eating Habits, and Food Availability  
2.2.1 Acculturation and the Nutrition Transition  
In recent decades, Aboriginal people in Canada have experienced a period of rapid acculturation, 
characterized by a loss of the traditional lifestyle that typically included hunting, trapping, gathering, and fishing 
and the consumption of traditional foods including wild plants, fish, and game meats (Kuhnlein, Receveur, 
Souieda & Egeland, 2004; Willows, 2005a).  Prior to acculturation, many Aboriginal people met most, if not all, 
of their energy requirements through traditional food sources (Kuhnlein et al., 2004).  Traditional foods are those 
that are culturally acceptable and available from local natural resources (Willows, 2005a).  Nowadays, 
Aboriginals are experiencing what has been described as a “nutrition transition”, characterized by the adoption of 
a more Westernized diet, notably the inclusion of a greater proportion of market foods and a reduction in the 
proportion of energy being consumed from traditional food sources (Willows, 2005a; Kuhnlein et al., 2004). 
Today, the percentage of Aboriginal peoples who include traditional foods in their diets is greatly reduced, 
estimated at only 4-60%, depending on the population (Kuhnlein et al., 2004). In general, market foods are of 
lower nutritional quality when compared to traditional ones (Willows, 2005a; Kuhnlein et al., 2004).  Market 
foods are generally low in nutrient density, defined as a measure of the nutrients a food provides relative to the 
energy it provides (Whitney & Rady Rolfes, 2008); and higher in carbohydrate, fat, and sucrose compared to 
traditional foods (Kuhnlein et al., 2004).  Because in many Aboriginal communities (especially remote, isolated 
ones) market foods of high nutrient density (milk, whole grains, fresh vegetables and fruit) are not available or 
very expensive, research has indicated that when traditional foods are included in the diet, even in small 
quantities, micronutrient intakes are improved (Kuhnlein et al., 2004).  Although most Aboriginal people believe 
that traditional foods are inherently healthy (Willows, 2005a), barriers to their consumption are abundant, 
including a lack of equipment or skills for the procurement of traditional foods, environmental contamination 
which has made the consumption of some traditional foods unsafe, and changes in migratory patterns secondary to 
climate change which make traditional foods less available (Power, 2005). Consequently, although Aboriginal 
children may exhibit a taste preference for traditional foods (Bernard, Lavallee, Gray-Donald & Delisle, 2005); 
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market food consumption is abundant, and traditional food consumption is declining with every passing 
generation (Kuhnlein et al., 2004).  Today, children tend to consume less traditional foods than adults, young 
adults less than middle-aged adults, and middle-aged adults less than elders, an indication that younger 
generations are losing the knowledge of harvesting and preparing traditional foods (Willows, 2005a). 
 
The loss of the traditional lifestyle among Aboriginal Canadians is concerning, as many disease risk 
factors can be attributed to acculturation and the lifestyle changes it has imposed (Waldram, Herring & Young, 
2006).  First and foremost, the dietary changes which have led to an increase in market food consumption in 
combination with a change in lifestyle characterized by a diminished energy expenditure has led to an epidemic of 
obesity in Aboriginal populations more severe than in the general Canadian population (Canadian Paediatric 
Society [CPS], 2005; Garriguet, 2008; Tjepkema, 2006; Tremblay, Perez, Ardern, Bryan & Katzmarzyk, 2005). 
Data from the 2004 CCHS indicate that the odds of obesity in Aboriginal people are more than two and a half 
times greater than for non-Aboriginals living in Canada (Garriguet, 2008).  Overweight and obesity are of 
particular concern in Aboriginal people as they have been identified as a population particularly susceptible to 
type 2 diabetes; a metabolic condition for which overweight and obesity are known precursors (Whitney & Rady 
Rolfes, 2008).   
 
2.2.2 Patterns of Dietary Intake 
 According to CCHS data, the average energy intakes of Aboriginal people living off reserve are not 
significantly different in comparison to the general population (Garriguet, 2008).  Of note, among women aged 19 
to 30 years, the average energy intake is 359 kcal higher for Aboriginal women compared to the general 
population, even though Aboriginal women do not expend more energy (Garriguet, 2008).  They also do not have 
significantly greater energy needs, and are not significantly more likely to be active during leisure time (Garriguet, 
2008). Eating Well with Canada’s Food Guide (CFG), as well as its Aboriginal adaptation (Eating Well with 
Canada’s Food Guide for First Nations, Inuit, and Métis), recommends a pattern of eating that describes the types 
and amounts of foods to be eaten in order to meet current nutrient standards in Canada and to reduce the risk of 
chronic disease (Health Canada, 2007).  The Aboriginal adaptation of CFG recommends foods that are culturally 
appropriate for this population, while maintaining the same goals as the original version of the guide.  As a whole, 
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many Aboriginal people have intakes below CFG recommendations for food groups, often consuming inadequate 
vegetables and fruit, milk and alternatives, and grain products (Garriguet, 2008).  Even more concerning is the 
excessive inclusion of “other foods” in the Aboriginal diet.  “Other foods” are those foods that do not fit into any 
of the food groups in CFG, are generally high in fat, sugar, and sodium, and should thus be avoided.  Soda 
consumption is also a concern, as high intakes were reported in the off reserve population (Garriguet, 2008). As 
soda and other sugar-sweetened beverages are generally very high in sugar but not significant sources of any 
valuable nutrients, it is a concern that they may be replacing the consumption of milk and 100% fruit juice.  Food 
items from the sandwich category, which includes not only sandwiches but also pizza, subs, hamburgers, and 
hotdogs are another popular choice among many Aboriginal people, which is concerning as such foods are 
generally high in saturated fat and sodium, and are considered the number one contributors of fat in the Canadian 
diet (Garriguet, 2008).   
 
Overall, the diets of Aboriginal populations in Canada are of concern, exhibiting a pattern consistent with 
poor health outcomes including overweight, obesity and diabetes; Aboriginal children are no exception.  Research 
in Québec, Canada has indicated that the diets of FN children are energy dense yet low in foods of high nutrient 
density, and that 98.5% of children consume fewer than five servings of vegetables and fruit per day (Downs, 
Arnold, Marshall, McCargar, Raine & Willows, 2009).  Research in the United States has revealed similar data; a 
study of Native American youths living on reserve revealed higher intakes of certain high fat, salt-cured, nitrite-
cured, smoked, and pickled foods (notably American cheese, bacon, and potato chips) than non-Aboriginal 
children of the same age  (Di Noia, Schinke & Contento, 2005).  Overall, Aboriginal children in the study had a 
greater consumption of “other foods” and an infrequent intake of vegetables and fruit, except for potatoes and 
apples (Di Noia et al., 2005).  Less than half of on reserve youth consumed vegetables and fruit on a regular basis 
(Di Noia et al., 2005).  Further research in an Aboriginal population in Australia revealed that children consumed 
inadequate portions of fresh fruit, resulting in low vitamin C intakes, theoretically making them more infection 
prone (Jones, 2006). 
 
There is evidence that the diets of Aboriginal children are contributing to the burden of overweight and 
obesity in the population.  For example, research in the FN community of Sandy Lake, Ontario indicated that 
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children who had greater fibre intakes were less likely to be overweight (Hanley, Harris, Gittlesohn, Wolever, 
Saksvig & Zinman, 2000).  Likewise, CCHS data confirmed that children who consumed vegetables and fruit 
more frequently were less likely to be overweight or obese (Shields, 2005).  Research in the Mohawk community 
of Kahnawake, Quebec suggested that children who chose to eat potato chips rather than crackers were more 
likely to be at risk for overweight (Receveur, Morou, Gray-Donald & Macaulay, 2008).  CCHS data also indicated 
that health regions in Canada exhibiting low levels of vegetable and fruit consumption also had higher rates of 
obesity (Vanasse, Demers, Hemiari & Courteau, 2006). 
 
The diets of Aboriginal people today are largely the result of acculturation and the adoption of a more 
Westernized lifestyle.  As previously discussed, traditional food intake is becoming more and more of a rarity 
with every passing generation.  Unfortunately, especially in remote, northern communities, healthy food choices 
are not always an option due to the inadequate availability of healthy foods of consistent quality at a reasonable 
cost.  Dietary intake may therefore be governed more by availability and cost than preference or concerns for 
health. For example, research in the remote, isolated northern FN community of Fort Albany, Ontario indicated 
that community members were not oblivious to the lack of healthy foods available for purchase at the grocery 
store, and had made attempts to discuss the issue with management, to no avail (Skinner, Hanning & Tsuji, 2006).  
Fresh produce was scarcely available, variety was poor, and even when it was available, often it was of poor 
quality, and very expensive (Skinner et al., 2006).  Community members also saw the school snack and breakfast 
program, which serves fresh produce and healthy meals to the community’s schoolchildren, as a valuable resource 
(Skinner et al., 2006).  This research indicates that although the diets of Aboriginal populations may be of low 
quality, it is something that they often have little power in changing, no matter how much they recognize that it is 
a problem.  In a population where food insecurity is also a major concern (Kuhnlein et al., 2006), the available 
choices at a reasonable price are most often not the healthiest. 
 
2.2.3 Food Insecurity 
 Worldwide, Aboriginal people often face extreme poverty, making them among the most marginalized 
and vulnerable human populations (Kuhnlein et al., 2006).  According to the Food and Agriculture Organization, 
“food security exists when all people, at all times, have physical and economic access to sufficient, safe and 
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nutritious food to meet their dietary needs and food preferences for an active and healthy life.  The four pillars of 
food security are availability, stability of supply, access, and utilization” (Food and Agriculture Organization 
[FAO], 2005).  According to this description, many Aboriginal people are facing all aspects of food insecurity.  
CCHS data have indicated that food insecure people are more likely to report poor/fair health, multiple chronic 
conditions, obesity, distress, and depression; likely secondary to inadequate nutrition and possibly longstanding 
nutrient deficiencies (Che & Chen, 2001).  People who are food insecure may also have difficulty managing 
chronic health conditions requiring dietary modification; a serious implication for Aboriginal people as they are at 
increased risk for type 2 diabetes (Power, 2005). 
 
Food security has been shown to decline along with a decline in income, and although the relationship is 
not linear, analyses have indicated that food insecurity is definitely a product of poverty (Power, 2005; Kuhnlein 
et al., 2004).  Not surprisingly, data indicate that the attainment of basic needs, including a healthy diet, is not 
affordable for low-income household members living on social assistance (Power, 2005).  Further evidence from 
the CCHS shows that 17.8% of Aboriginal households receive social assistance, compared to 3.5% of households 
in the general population (Willows, Veugelers, Raine & Kuhle, 2008).  Additionally, of Aboriginal households 
where the main source of income is neither wages nor salaries, 47% receive social assistance, and 51% are food 
insecure (Willows et al., 2008).  Figures for the general population are 12% and 13%, respectively (Willows et al., 
2008).  
 
Congruent with income data for Aboriginal people, CCHS data have indicated that Aboriginal people 
living off reserve have a dramatically greater prevalence of food insecurity in comparison to non-Aboriginals 
(Office of Nutrition Policy and Promotion [ONPP], 2007).  The Household Food Security Module of the CCHS 
focused on self-reported uncertain, insufficient, or inadequate food access, availability, and utilization due to 
limited financial resources and the compromised eating patterns that may result (ONPP, 2007).  The module was 
comprised of an 18-item food security scale, with ten items being specific to adults and eight being specific to 
children (ONPP, 2007).  Based on this scale, food security is defined as “no, or one indication of difficulty with 
income-related food access” (no or one affirmed responses for both adults and children) (ONPP, 2007).  Using the 
same scale, food insecurity is defined as an “indication of compromise in quality and/or quantity of food 
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consumed” (two to five affirmed responses for adults; two to four affirmed responses for children) and severe 
food insecurity is defined as an “indication of reduced food intake and disrupted eating patterns” (six or more 
affirmed responses for adults; five or more affirmed responses for children) (ONPP, 2007).  Based on these 
definitions, one third of Canadian Aboriginal households (33.3%) are food insecure, and of the food insecure, 
43% (14.4% of the population) are considered severely food insecure (ONPP, 2007).  For comparison, the rates 
for the general Canadian population are 8.8% and 31% (2.7% of the population), respectively (ONPP, 2007).  
These figures leave no doubt that food insecurity is a serious issue in Aboriginal populations.  Additionally, food 
insecurity among Aboriginal children is common, a phenomenon seen with lesser frequency in the general 
population (ONPP, 2007).  It is not uncommon for parents living in food insecure households to sacrifice their 
own dietary intake so that their children can eat.  In Aboriginal households, however, children tend to consume 
less traditional foods than adults, so while their parents may turn to traditional foods when market foods are 
unavailable, children may go hungry (Power, 2008).   
 
In terms of food insecurity, the availability of traditional foods must not be ignored.  In Aboriginal 
populations, as market foods are often unavailable, of poor quality, and typically of poorer nutritional value 
compared to traditional foods, food security relates to the availability of traditional and market foods alike 
(Lambden, Receveur, Marshall & Kuhnlein, 2006; Power, 2005).  For some Aboriginal populations, the safe 
access to traditional foods is a fundamental component of cultural health, spirituality, and social cohesion (Power, 
2008).  Additionally, to many Aboriginal people, the use of traditional foods is associated with health and 
wellbeing, as traditional foods are seen as fundamentally healthy (Kuhnlein et al., 2004).  This introduces Power’s 
(2008) concept of “cultural food security”, which emphasizes the ability of Aboriginal people to reliably access 
traditional foods through traditional means.  Indicators of cultural food security include levels of traditional 
knowledge, access to traditional food systems, and the safety of traditional food consumption (Power, 2008).  
Unfortunately, many Aboriginal people can no longer rely on traditional foods in order to meet their energy and 
nutrient requirements.  Barriers to traditional food consumption include a lack of the traditional knowledge for the 
procurement of such foods secondary to acculturation and the adoption of a more Westernized lifestyle, 
environmental contaminants which make many traditional foods unsafe to eat, and climate change which has lead 
to changes in migratory patterns meaning that some traditional foods are no longer available (Power, 2008).  
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Poverty affects traditional and market food consumption alike, as many Aboriginal people do not have adequate 
money for the equipment necessary for hunting and fishing (Lambden et al., 2006). 
 
2.3 Health Concerns Related to Diet, Morbidity, and Mortality 
2.3.1 Health Disparities 
 In Canada, research has indicated widespread disparities in morbidity and mortality between Aboriginal 
and non-Aboriginal people (Young, 2003).  The health and wellness of Aboriginal people in Canada has been 
compared, by some, to that of those living in a developing nation (Cooke, Beavon & McHardy, 2004).  Given the 
great diversity of Aboriginal populations in Canada, health status can vary significantly across and within 
communities (Kmetic, Reading & Estey, 2008).  However, there appears to be a common theme of 
disproportionate rates of type 2 diabetes in Aboriginal people compared to the general population (Young et al., 
2000; Yu & Zinman, 2007), likely linked to the effects of acculturation and possible genetic susceptibility.   
Research in Manitoba has indicated that the heavy burden of type 2 diabetes and its related co-morbidities has 
resulted in dramatically higher health costs in Aboriginal people as compared to non-Aboriginals, as well as 
higher hospitalization rates for complications related to type 2 diabetes (Jacobs, Blanchard, James & Depew, 
2000).  Such health disparities, among other causes, are a contributing factor to why Aboriginal people have a 
significantly shorter life expectancy compared to the general population (Thompson, Bradshaw, Veroni & Wilkes, 
2003). 
 
2.3.2 Body Composition as a Risk Factor for Chronic Disease 
 Over the past 25 years, the prevalence of overweight and obesity has steadily risen in Canada, 
consequently reaching epidemic proportions (Shields & Tjekema, 2006; World Health Organization [WHO], 
2000).  Overweight and obesity are becoming increasingly problematic in Aboriginal people, even more so than in 
the general population (Canadian Paediatric Society [CPS], 2005; Tjekema, 2006; Tremblay et al., 2005).  Weight 
classifications (underweight, healthy weight, overweight, and obese) are based on body mass index (BMI) 
(Whitney & Rady Rolfes, 2008).  BMI describes relative weight for height, and is calculated by dividing weight in 
kilograms by height in meters, squared (Whitney & Rady Rolfes, 2008).  In adults, a BMI greater than or equal to 
25 is considered overweight, while a BMI greater than or equal to 30 is considered obese (Whitney & Rady 
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Rolfes, 2008).  CCHS data have indicated that the odds of obesity among Aboriginal people are more than two 
and a half times greater than in non-Aboriginals (Garriguet, 2008).  In the off reserve Aboriginal population, 67% 
of people aged 19 to 50 years are overweight or obese (38% obese), compared to 55% in non-Aboriginals (19% 
obese) (Garriguet, 2008). Children are no exception, as Aboriginal children are known to have higher rates of 
overweight and obesity in comparison to children of other ethnic backgrounds (Story, Stevens, Himes, Stone, 
Rock & Ethelbah, 2003; Shields, 2005; Willows, 2005b).  In 2004, the prevalence of overweight and obesity in 
Aboriginal children living off reserve in Canada was 41% (20% obese) (Shields, 2005).  In the average Canadian 
population, youth aged 12 to 17 had overweight and obesity prevalence rates of 29% and 9%, respectively. 
 
The First Nations Regional Longitudinal Health Survey (FNRHS) reports on the health of FN people 
living on reserve in Canada.  The most recent FNRHS data indicated that, of FN adults, 37% were considered 
overweight, 31.2% were obese, and 4.8% were morbidly obese based on self-reported heights and weights 
(FNRHS, 2003).  Of FN youths aged 12 to 17 years, 28.1% were overweight and 14.1% were obese (FNRHS, 
2003). These figures suggest a similar rate of overweight and obesity in Aboriginal youth living on reserve 
compared to off reserve, although a higher rate of obesity compared to overweight was reported in the off reserve 
data (FNRHS, 2003; Shields, 2005).  Based on these data, Aboriginal adults living on reserve have higher 
overweight and obesity prevalences than those living off reserve (FNRHS, 2003; Garriguet, 2008).   
 
The epidemic of obesity and overweight in Aboriginal populations is of particular concern because 
obesity is considered the strongest risk factor for type 2 diabetes, a metabolic disorder to which Aboriginal people 
may be especially susceptible, and BMI is a standard predictor for diabetes, elevated plasma glucose levels, and 
elevated glycosylated hemoglobin (HbA1c) (Young & Sevenhuysen, 1989; Young, Sevenhuysen, Ling & Moffatt, 
1990; Harris, Gittlesohn, Hanley, Barnie, Wolever & Gao et al., 1997).  Type 2 diabetes is a chronic metabolic 
disorder characterized by high blood glucose levels secondary to the body’s decreased or lack of response to the 
blood glucose-lowering hormone, insulin.  Over time, high levels of glucose in the blood leads to micro- and 
macrovascular complications, including nephropathy, neuropathy, retinopathy, and cardiovascular disease.  HbA1c 
is a standard measure of long-term blood glucose control.  FNRHS data indicated that in Aboriginal people, being 
diagnosed with diabetes was associated with excess body weight, as most adults without diabetes were of a 
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healthy weight or overweight, while most adults with diabetes were obese (FNRHS, 2003).  Additionally, of those 
with diabetes, 6.6% were at a healthy body weight compared to 29.7% of those without diabetes (FNRHS, 2003). 
 
Just as important, if not more important, than BMI in terms of health outcomes, is waist circumference 
(WC).  Research in Canadian Aboriginal people has indicated that they tend to have higher WCs and body fat 
percentages on average compared to other ethnic groups (Lear, Humphries, Kohli, Chockalingam, Frohlich & 
Laird Birmingham, 2007; Oster & Toth, 2009).  Equivalently, Australian research has indicated that Aboriginal 
people are characterized by long-leggedness and low sitting height to stature ratio, a body shape not characteristic 
of the general population (Norgan, 1994).  But why is WC such a concern?  WC is a measure of visceral 
adiposity, or the amount of fat that is surrounding the internal organs.  Research has confirmed an association 
between WC and cardiovascular disease risk in that those with a higher WC have a higher risk for cardiovascular 
disease, independent of other risk factors (Wang & Hoy, 2004c).  Research by Daniel and colleagues (1999) found 
that in overweight, but not obese Aboriginal individuals, a predominance of abdominal adiposity is a strong 
indication of risk for poor glycemic status and consequently type 2 diabetes.  Similarly, Australian research has 
indicated that WC is the best predictor of type 2 diabetes in Aboriginal people (Wang & Hoy, 2004b).  Thus it is 
not just body fatness, but the distribution of body fat that is important in terms of chronic disease risk, and WC is 
an important screening tool in Aboriginal people who may not be significantly overweight (Daniel, Marion, 
Sheps, Hertzman & Gamble, 1999).  It has also been suggested that genetic determinants regulating adipose tissue 
distribution in Aboriginal people may explain, in part, their susceptibility to type 2 diabetes (Hegele, Harris, 
Hanley, Sadikian, Connelly & Zinman, 1996; Hegele, Young, & Connelly, 1997).  Indeed, research has indicated 
that WC, alone or in combination with other measures, is superior to BMI as an indicator of health risks in 
Aboriginal people (Connelly, Hanley, Harris, Hegele & Zinman, 2003; Wang & Hoy, 2004).  As is the case with 
overweight and obesity, Aboriginal children are not immune to this phenomenon.  Research in Canadian Cree 
schoolchildren has indicated that they have high rates of visceral adiposity (Ng, Marshall & Willows, 2006).  
Recent research by Watts and colleagues (2008) indicated that WC in children is superior even to BMI in 
predicting cardiovascular risk, defined by cut-offs for lipid values identified by the National High Blood Pressure 
Education Program Working Group on Hypertension Control in Children and Adolescents (National High Blood 
Pressure Education Program Working Group on Hypertension Control in Children and Adolescents, 1996).  
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Therefore, in children, WC may be a simple and non-invasive screening tool, in addition to BMI, to help identify 
children who may be at subsequent risk for diabetes and other metabolic or cardiovascular complications (Watts, 
Bell, Byrne, Jones & Davis, 2008).  
 
Finally, it is notable that although Aboriginal people may experience an astounding rate of overweight 
and obesity, preferences and norms for body size in Aboriginal populations may be different from those shared by 
the average population.   For example, the Oji-Cree of Sandy Lake have a preference for large body size, 
especially among the elders, because they associate thinness with memories of infectious diseases, such as 
tuberculosis (Gittlesohn, Harris, Thorne-Lyman, Hanley, Barnie & Zinman, 1996).  The Cree of northern Québec 
also attach positive associations to large body size, seeing it as a marker of robustness and strength (Boston, 
Jordan, MacNamara, Kozolanka, Bobbish-Rondeau & Iserhoff et al., 1997).  Therefore, issues of overweight and 
obesity in Aboriginal populations must be approached with sensitivity to cultural norms. 
 
2.3.3 Type 2 Diabetes – Morbidity & Mortality  
 As with obesity, the burden of type 2 diabetes in Aboriginal populations is greater than that in the general 
population (Yu & Zinman, 2007). The prevalence among the Oji-Cree of Sandy Lake, Ontario, is among the 
world’s highest at 26% for type 2 diabetes and 14% for impaired glucose tolerance (pre-diabetes), for a total of 
40% (Hanley, McKeown-Eyssen, Harris, Hegele, Wolever & Kwan et al., 2001; Harris et al., 1997).  This is the 
third highest prevalence of any subpopulation and approximately five times higher than the general Canadian 
population (Hanley et al., 2001; Harris et al., 1997).  Before the 1950s, type 2 diabetes was rare in Aboriginal 
populations (Young et al., 2000).  A recent systematic review found that there is still a virtual absence of type 2 
diabetes in Aboriginal populations that maintain a traditional lifestyle (Yu & Zinman, 2007).  Furthermore, more 
urbanized Aboriginal populations have greater rates of type 2 diabetes in most cases, suggesting the role of 
acculturation in the high prevalence of the disease (Yu & Zinman, 2007).  This association has also been noted in 
other research (O’Dea, 1992).  FNRHS data indicated that 19.7% of FN people were diagnosed with diabetes, 
78.2% of cases being type 2 diabetes, likely an underestimate as the disease commonly goes undiagnosed for quite 
some time (FNRHS, 2003).   
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Type 2 diabetes is of particular concern, because in the Aboriginal population it tends to have an earlier 
onset, a higher rate of complications and co-morbidities, and there is a higher rate of diabetes-related death 
(Thommasen, Patenaude, Anderson, McArthur & Tildesley, 2004).  Research by Thommasen and colleagues 
(2004) with an Aboriginal population in British Columbia noted increased rates of cerebrovascular disease, limb 
amputations, nephropathy, and retinopathy as a result of type 2 diabetes, relative to the non-Aboriginal 
population.  Further research into the prevalence of complications as a result of type 2 diabetes has found that the 
prevalence of such complications is significantly increased in Aboriginal people, as much as two to four times that 
of the general population, and that there is an increased prevalence among young people (O’Dea, 1992; Young et 
al., 2000; Young, Marens, Taback, Sellers, Dean, & Cheang et al., 2002).  Research in Australia and New Zealand 
found that the most frequent complication from type 2 diabetes in Aboriginal people is nephropathy, with an 
incidence of end-stage renal failure that is an astonishing 20 to 30 times that of the general population (McDonald 
& Russ, 2003).  Research in Sandy Lake, Ontario yielded similar results, noting that Aboriginal peoples may be 
especially prone to the renal complications of diabetes - some of which may be accounted for by poor glycemic 
control (Hanley, Harris, Mamakeesick, Goodwin, Fiddler & Hegele et al., 2005).  FNRHS data indicated that of 
FN people with diabetes, 88.7% reported complications, including problems with feeling (37.1%), vision 
problems (36.8%), circulatory problems (21.6%), problems with the lower limbs (20.9%), impaired kidney 
function (15.9%), infections (14.7%) and heart problems (11.3%) (FNRHS, 2003).  Of those with diabetes, 24.1% 
reported having four or more of the previously named consequences, and 34.5% reported one consequence 
(FNRHS, 2003). Further, Australian research has demonstrated that both Aboriginal men and women with 
diabetes had higher blood pressure, total cholesterol and triglyceride levels, as well as a higher BMI and WC and 
lower high density lipoprotein cholesterol (HDL) as compared to those without diabetes (Wang & Hoy, 2004a).  
Participants with diabetes also had a higher risk of cardiovascular disease, and the difference was much greater for 
women – not only did they have a greater risk than women without diabetes, but they also seemed to develop, 
over time, a greater risk than men with diabetes (Wang & Hoy, 2004a).  The increased prevalence of 
complications in Aboriginal people may be partly due to reduced access to care in remote locations, as those 
residing in remote areas are three times more likely to suffer acute, avoidable complications of diabetes (Booth, 
Hux, Fang & Chan, 2005a).   
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2.3.4 Type 2 Diabetes – Possible Genetic Associations  
Acculturation plays a role in the development of obesity, a risk factor for type 2 diabetes in Aboriginal 
people. The dietary and lifestyle changes that have come with the nutrition transition are obesogenic, but this 
alone cannot explain why Aboriginal people suffer a prevalence of type 2 diabetes above and beyond that seen in 
the general population (Yu & Zinman, 2007).  For example, data from the Fremantle Diabetes Study indicated that 
despite similar glycemic control, Aboriginal people with type 2 diabetes had markedly higher HbA1c levels 
compared to non-Aboriginals with type 2 diabetes (Davis, McAullay, Davis & Bruce, 2007).  Consequently, the 
age at death for Aboriginal people stricken with type 2 diabetes was a full 18 years younger than that of the 
general population (Davis et al., 2007).  These are all indicators that Aboriginal people may be genetically 
susceptible to type 2 diabetes and its co-morbidities (Yu & Zinman, 2007).  Numerous hypotheses have arisen as 
to why Aboriginal people suffer from a rate of type 2 diabetes far greater than in the rest of the industrialized 
world.  One popular theory is the “thrifty genotype hypothesis”, first proposed by Neel in 1970 (Neel, 1970).  
Neel (1970) proposed that Aboriginal people, and the general population alike, possess an energy-conserving 
genotype that was previously adaptive in the hunter-gatherer era of feast and famine.  Nowadays, in an era of 
feasting but rarely famine, in addition to a much more sedentary lifestyle, the result is a phenotype for type 2 
diabetes (Neel, 1970).  
 
As previously noted, the Oji-Cree of Sandy Lake have a particularly high prevalence of type 2 diabetes, 
in fact one of the highest in the world.  Consequently, much research has gone into the study of possible genetic 
predispositions in this population (Hegele, Cao, Hanley, Zinman, Harris & Anderson, 2000a; Hegele, Cao, Harris, 
Hanley & Zinman, 1999a, 1999b; Hegele, Cao, Harris, Hanley, Zinman & Connelly, 2000b; Hegele, Zinman, 
Hanley, Harris, Barrett & Cao, 2003).  Because of the dramatically high prevalence of type 2 diabetes in this 
population, it is suggested that they may have a certain genetic predisposition to the disease, in addition to other 
factors such a poor diet and inadequate physical activity which also evidently play a role (Hegele et al., 2003).  
Research in the Oji-Cree population has indicated that greater than 40% of the Oji-Cree people of Sandy Lake 
who have type 2 diabetes also have the HNF1A G319S allele (Hegele et al., 1999a, 1999b, 2003).  Those who are 
heterozygous for HNF1A G319S have increased odds of type 2 diabetes (Hegele et al., 1999a, 1999b, 2003).  
However, 60% of the Oji-Cree people are homozygous for the allele, suggesting that other environmental factors 
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must be involved in the increased prevalence for type 2 diabetes in this population (Hegele et al, 1999a).  The 
allele was also found to be associated with early onset of type 2 diabetes in adolescents (Hegele et al., 1999a, 
Hegele, Hanley, Zinman, Harris & Anderson et al., 1999c), and may be a potentially useful predictive test for type 
2 diabetes in the Oji-Cree (Hegele et al., 2000a, b).  Such a predictive test would allow for early intervention prior 
to the disease becoming symptomatic, which could reduce the risk of later complications.  Although this research 
only included the Oji-Cree of Sandy Lake and cannot be generalized to all Aboriginal people, it is just one 
example of a possible genetic susceptibility present in this population.  Such findings are indicative that the issues 
of overweight and obesity must be tackled that much more urgently in Aboriginal populations.  However, 
whatever the genetic propensity for diabetes in the Aboriginal population, given the difficulty of treating obesity 
and type 2 diabetes, emphasis should be on a preventative approach. 
 
2.3.5 Metabolic Syndrome 
The metabolic syndrome (MetS) is a cluster of metabolic abnormalities that increase a person’s risk for 
cardiovascular disease and diabetes (National Institutes of Health [NIH], 2008).  An individual diagnosed with 
MetS has a greater risk of cardiovascular mortality than would present with any of the individual components of 
the MetS definition (Isomaa, Almgren, Tuomi, Forsen, Lahti & Nissen et al., 2001).  Although the specific 
definition of the syndrome is controversial, for the purpose of this review the cut-offs used are those defined by 
the National Cholesterol Education Program (NCEP).  According to the NCEP, a person is diagnosed with MetS 
if they have any combination of three of the following five factors: a WC > 102 cm in men or 88 cm in women, 
triglycerides ! 1.70 mmol/L, HDL < 1.0 mmol/L in men and 1.3 mmol/L in women, blood pressure ! 130/85 mm 
Hg, and a fasting blood glucose level ! 6.1 mmol/L (NIH, 2008).  The same cut-offs can be adapted for the use in 
children; a child would be diagnosed with MetS if they had a combination of three of the following five factors: a 
BMI ! 95
th
 percentile based on age and sex, triglycerides ! 1.10 mmol/L, HDL < 1.3 mmol/L, hypertension (the 
lesser of systolic or diastolic blood pressure ! 90
th
 percentile based on age, sex, and height or systolic blood 
pressure ! 130 mm Hg or diastolic blood pressure ! 85 mm Hg) or antihypertensive therapy, and impaired glucose 
metabolism (Sanders, Lubsch & West, 2006).  In Aboriginal populations, rapid acculturation, including a 
detrimental change in diet and physical activity levels, and the high prevalence of type 2 diabetes has raised 
concerns about the prevalence of MetS (Kaler, Ralph-Campbell, Pohar, King, Laboucan & Toth, 2006; Young et 
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al., 2000).  Although acculturation and lifestyle changes may explain some of the prevalence of MetS, once again 
genetic factors are likely important players in the equation (Pollex, Hanley, Zinman, Harris, Kahn & Hegele, 
2005).  We turn once again to the Oji-Cree of Sandy Lake.  In a sample of Oji-Cree, the prevalence of MetS in 
adults was 29.9%, significantly greater than the rate in a comparable sample of non-Aboriginals (21.8%) (Ford, 
Giles & Dietz, 2002; Pollex er al., 2005).  In the entire sample of Oji-Cree people, 57.7% had abdominal 
adiposity, 48% had low HDL levels, 32.8% had high levels of triglycerides, 31.1% had high fasting glucose 
levels, and 10.1% had high blood pressure (Pollex et al., 2005).  Of note, BMI and leptin were significantly higher 
in Oji-Cree with MetS (Pollex et al., 2005).  Leptin is a protein in adipose tissue (Whitney & Rady Rolfes, 2008).  
It is suggested that leptin in adipose tissue signals adequate energy stores and thus helps regulate appetite 
(Whitney & Rady Rolfes, 2008).  Clearly, results of research on the MetS in the Oji-Cree cannot be generalized to 
all Aboriginal populations.  Nevertheless, they suggest a possible susceptibility to the syndrome in Aboriginal 
people, once again indicating the urgency for interventions targeting overweight and obesity in the population. 
Adequate screening is also necessary to expedite disease prevention. 
 
2.4 Possible Health Improvement Strategies 
2.4.1 Targeting Schoolchildren 
As previously discussed, Aboriginal people face a disproportionately heavy burden of obesity and 
overweight, placing them at increased risk for numerous chronic diseases.  Interventions targeting the diets and 
physical activity habits of Aboriginal people have the potential to blunt the epidemic of obesity and overweight in 
this population.  Targeting schoolchildren preferentially is a promising approach. The physical and psychological 
consequences of overweight and obesity in childhood are a cause for concern, but what may be more significant in 
terms of the burden of chronic disease in the general population, is the tracking of obesity over time.  Tracking is 
defined by two general concepts – the relationship between early measurements and measurements later in life, or 
the maintenance of a relative position within a distribution of values in a population over time, and the 
predictability of future values by early measurements (Singh, Mulder, Twisk, van Mechelen & Chinapaw, 2008).  
In simpler terms, the tracking of obesity over time indicates that obese children tend to become obese adults 
(Freedman, Khan, Dietz, Srinivasan & Berenson, 2001; Nicklas, Baranowski, Cullen & Berenson, 2001).  Data 
from the Bogalusa Heart Study indicated that only seven percent of the 1 317 normal weight children who 
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participated in the study became obese adults, while 77% of overweight children experienced adulthood obesity 
(Freedman et al., 2001).  In support of these data, a recent systematic review found that the risk for overweight 
children to become overweight adults is at least twice as high compared to normal weight children (Singh et al., 
2008).  An additional review notes the “dismal” future health of overweight children once they reach adolescence, 
indicating that the probability of an overweight child becoming and obese adult increases incrementally with age 
(Budd & Volpe, 2006).  It is undoubtedly concerning that overweight children are at an increased likelihood to 
become obese adults, but this is compounded by the fact that childhood obesity is also predictive of adult 
morbidity (Freedman et al., 2001).  Childhood obesity is associated with several risk factors for cardiovascular 
disease and has been shown to be predictive of hypertension and diabetes in adulthood (Nicklas et al, 2001).  The 
reverse relationship has also been noted, as adverse risk factors for cardiovascular disease in adults have been 
associated with obesity in childhood (Freedman et al., 2001).  The Bogalusa Heart Study determined that this 
association resulted entirely from the strong tracking of overweight and obesity from childhood into adulthood 
(Freedman et al., 2001).  Additional studies have consistently demonstrated that blood pressure, blood cholesterol, 
insulin levels, and obesity tend to cluster and track with age (Dietz, 1998).  The evidence from such research 
suggests that early interventions in children may be the most promising approach to reducing the risk of obesity 
and chronic disease in adults.  In Aboriginal populations this may be especially important, considering their 
predisposition to type 2 diabetes and its co-morbidities. 
 
Just as obesity and its complications have been shown to track over time, so do dietary patterns 
(American Dietetic Association [ADA], 1999).   Research indicates that both childhood fat intake and milk 
consumption tend to track over time, thus affecting lifetime fat and milk consumption (ADA, 1999).  For 
example, one study of elderly adults found that the frequency of milk consumption during childhood was the 
strongest predictor of current milk intake (ADA, 1999).  In combination with the tracking of weight status over 
time, this additional information provides further support, in the absence of strong prospective longitudinal cohort 
studies, that early prevention and school based programs aimed at promoting healthy eating and physical activity 
may have a substantial impact on adult obesity and chronic disease in the future.  Because overweight adults are 
likely to continue to gain more weight and very unlikely to return to a normal weight (Shields, 2005), early 
interventions to prevent obesity in Aboriginal children would be optimal and would consequently help prevent 
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adult obesity and its related co-morbidities.  In this way, programs aimed at preventing obesity in Aboriginal 
children can be a viable strategy for preventing adult obesity and chronic disease (Daniels, Arnett, Eckel, Gidding, 
Hayman & Kumanyika et al., 2005). 
 
For reasons already discussed, the burden of overweight and obesity in Aboriginal children is a major 
concern, especially considering the predisposition of this population for type 2 diabetes.  Schools are a natural 
venue for intervening in childhood obesity because children generally spend six or more hours per day in the 
school environment, five days per week, and one to two meals are normally consumed there, plus snacks (Budd & 
Volpe, 2006).  Additionally, resources such as physical education teachers, fitness facilities, food service 
personnel, and school nurses and health staff are normally already in place, facilitating the implementation of 
healthy eating and physical activity interventions (Budd & Volpe, 2006; Story, Kaphingst & French, 2006).  
Although the availability of these resources in the communities participating in this research may not be what it is 
in some non-Aboriginal communities, school is still the ideal location for intervention.  Most importantly, many 
of the factors leading to childhood obesity, including poor diet quality and lack of physical activity, are 
modifiable.  With this in mind, the school environment has the broad potential to impact on students’ eating habits 
and physical activity patterns (Constante Jaime & Lock, 2009). The ability of the school environment to improve 
the health of its students should not be under-stated.  School nutrition policies have been identified as powerful 
tools for improving the wellbeing of students, including improved nutritional status and academic achievement 
(McKenna, 2003).   
 
2.4.2 A Focus on Vegetable and Fruit Intake 
As previously discussed, the nutrition transition experienced by Aboriginal people has led to the 
Westernization of their diets and a reduction in the energy consumed from traditional food sources.  Additionally, 
in northern remote, isolated communities, foods of high nutrient density may be hard to come by or very 
expensive.  This, in combination with the high prevalence of food insecurity in Aboriginal populations, means that 
many Aboriginal people are consuming diets inadequate in nutrient dense foods such as vegetables, fruit, whole 
grains, milk products, and lean meat, poultry, or fish.  In Aboriginal populations, vegetable and fruit consumption 
is of particular concern because fresh produce is a rarity in many communities, and even when it is available, it is 
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often in poor condition and extremely expensive, making it out of reach for most people.  Research has confirmed 
that children and adolescents living in food-insecure households have the lowest mean intakes of vegetables and 
fruit (Lorson, Melgar-Quinonez & Taylor, 2009). When vegetables are consumed, the most popular choice is 
French fries (Lorson et al., 2009).  Vegetables and fruit are excellent sources of vitamins A and C, fibre, and 
folate.  They are also sources of a myriad of health-promoting phytochemicals and antioxidants.  A diet low in 
vegetables and fruit, may be lacking in these essential nutrients and may lead to an increased risk for multiple 
chronic diseases (Lorson et al., 2009).  A review by Lock and colleagues (2005) suggested that about 15% of 
disease worldwide can be attributed to the effects of under-nutrition and deficiencies in micronutrients, and that a 
similar number can be attributed to risk factors that have significant dietary components, including overweight, 
hypercholesterolemia, hypertension, and low vegetable and fruit intake.  The work of Lock and colleagues also 
suggests that 2.6 million deaths worldwide and 31% of cardiovascular diseases may be attributed to inadequate 
vegetable and fruit consumption (Lock, Pomerleau, Causer, Altmann & McKee et al., 2005).  It also confirms that 
suboptimal vegetable and fruit intake is an important risk factor for a wide range of chronic, non-communicable 
diseases (Lock et al., 2005).  Furthermore, CCHS data indicated that only 59% of Canadian children and 
adolescents consumed the recommended number of servings of vegetables and fruit each day (Shields, 2005).  
Those who did not consume the recommended number of servings were more likely to be overweight or obese 
than those who ate vegetables and fruit more frequently (Shields, 2005).  Further research has suggested that 
children who are abdominally obese tend to consume fewer vegetables and fruits (Downs, Marshall, Ng & 
Willows, 2008).  Consuming three or more vegetables and/or fruits per day has been associated with reduced odds 
of abdominal adiposity in other research (Downs et al., 2008).  Further studies have noted the possible protective 
effect of vegetables and fruit against metabolic disorders (Feldeisen & Tucker, 2007; Lindquist, Gower & Goran, 
2000). 
 
Evidently, there are many dietary factors contributing to the prevalence of overweight, obesity, and type 
2 diabetes in Aboriginal children and adults, including high intakes of “other foods” and increasing soft drink 
consumption, only to name a few.  However, vegetable and fruit intake is often an overlooked factor that can have 
a significant impact on weight and chronic disease risk.  Because Aboriginal children have especially low intakes 
of vegetables and fruit, they would benefit preferentially from an intervention promoting vegetable and fruit 
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consumption.  As previously noted, targeting children is a viable approach to reducing the risk of adulthood 
obesity and overweight, which are risk factors for many chronic diseases including type 2 diabetes.  It would be 
assumed that if children and adolescents were to consume more vegetables and fruit that not only would their 
micronutrient intakes improve, but that vegetables and fruit would displace less healthy choices which are also 
contributing to the obesity epidemic.  A recent systematic review by de Sa and Lock (2008) synthesized the 
worldwide evidence for the effectiveness of school vegetable and fruit programs.  Of the programs reviewed, 70% 
resulted in a significant increase in vegetable and fruit intakes among the participating students (de Sa & Lock, 
2008).  The review also indicated the possibility of improving vegetable and fruit intakes among a wide age range 
(not only younger grades), and noted the effectiveness of vegetable and fruit intakes in reducing social and health 
inequalities, as children of lower social economic status tend to consume fewer vegetables and fruit and be in 
poorer health (de Sa & Lock, 2008).  Additionally, research by Pereira and Ludwig (2001) has indicated that diets 
rich in fibre, including fibres from non-starchy vegetables and fruits, may be effective in the prevention and 
treatment of childhood obesity. Overall, evidence suggests that the improvement of vegetable and fruit intakes in 
the Aboriginal population would have numerous benefits, including a possible reduction in overweight and 
obesity, over time.  
 
2.4.3 Framework for Effective School-Based Interventions 
In 1996, the United States Centers for Disease Control and Prevention (CDC) proposed a framework for 
school-based health and nutrition programs in order to guide program development and ensure program success 
(CDC, 1996).  The framework is based on the concept that in order to be as effective as possible, school-based 
interventions should be comprehensive (CDC, 1996; Constante Jaime & Lock, 2008).  A comprehensive school 
health and nutrition program includes classroom lessons, access to healthy food and the support of children by 
those around them (teachers, peers, etc.) (CDC, 1996).  Additionally, comprehensive school health and nutrition 
programs have the ability to empower students with the knowledge, attitudes, and skills required to make positive 
health decisions as well as the environment, motivation, services and support necessary to develop and maintain 
such healthy behaviours (CDC, 1996).  Finally, the CDC notes that comprehensive school health and nutrition 
programs involve health education, a healthy environment, health services, counseling, psychological and social 
services, integrated school and community efforts, physical education, nutrition services, and a school-based 
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health program for teachers and staff (CDC, 1996).  Without all of these components, programs may have limited 
success.  Since the release of the CDC’s framework, many school health programs have followed its approach and 
yielded success (ADA, 1999).  A recent review suggested that school programs that followed the CDC’s 
framework were more effective in achieving dietary change in comparison to those that did not (Veugelers & 
Fitzgerald, 2005).  Similarly, within Aboriginal school programs, the CDC framework was associated with 
plausible programs that more often achieved their a-priori outcomes than programs that did not adhere to these 
criteria (Gates & Hanning, unpublished data).  In combining literature from a variety of sources and using the 
CDC as a guide, a framework can be developed with the aim of guiding the implementation of effective and 
successful school-based health and nutrition programs. 
 
2.4.3.1 Policy Implementation 
A major tenet of successful school-based health and nutrition programs is policy implementation.  In 
order to be successful, school-based health and nutrition programs should adopt a nutrition policy that not only 
promotes healthy eating through classroom lessons but also through a supportive school environment (Brant 
County Health Unit, 2005; CDC, 1996; FRESH, 2008; Jeffery & Leo, 2008; Ontario Society of Nutrition 
Professionals in Public Health School Nutrition Workgroup Steering Committee [OSNPPH], 2004; Perez-Rodrigo 
& Aranceta, 2001; Veugelers & Fitzgerald, 2005).  The policy should include both issues of healthy eating and 
physical activity (ADA, 1996; CDC, 2008; CDC 2009; WHO, 2004).  It is important that all potential 
stakeholders be involved in the development of the policy, including teachers, staff, students, parents, families, 
and the wider community (Brant County Health Unit, 2005; Flynn, McNeil, Maloff, Mutasingwa, Wu & Ford et 
al., 2006; Perez-Rodrigo & Aranceta, 2001; Perez-Rodrigo & Aranceta, 2003; WHO, 2008).  The policy should 
take into account cultural background, gender issues, and ethnic minorities (Perez-Rodrigo & Aranceta, 2003; 
WHO, 2008).   
 
The involvement of teachers and other school staff is important, as they play a central role in improving 
nutrition and physical activity in schools.  Because of the association between diet quality and academic 
achievement, teachers are likely to have direct interest in such policies, and thus should be involved in their 
development (WHO, 2008).  Teachers also have an impact on the actions of children by acting, ideally, as positive 
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role models for healthy behaviours, and thus should be aware of all of the elements of a school policy and be 
involved in its implementation.  
 
Parents and families are important because it is the parents who control most of the food choices at home, 
do most of the home cooking and preparation of school lunches, and their support encourages the physical activity 
of their children while at home (Perez-Rodrigo & Aranceta, 2003; WHO, 2008).  Also, if parents are involved in 
the implementation of school-based health and nutrition policies, they will have a better understanding of what the 
policy entails and why it has been put in place.  This way, children will be less likely to experience inconsistencies 
between suggestions and practices at home versus those at school (Perez-Rodrigo & Aranceta, 2003; WHO, 
2008).   
 
The input of students is also invaluable in order to ensure the feasibility and acceptability of the policy 
(Perez-Rodrigo & Aranceta, 2001; Perez-Rodrigo & Aranceta, 2003; WHO, 2008).  School nutrition policies can 
be perceived as problematic if they impair the ability of students to fundraise for important school events or cause 
them to lose their freedom of choice.  Therefore, student input into policy development can help reduce the risk of 
encountering such challenges.  Additionally, students often have new, creative, and innovative ideas for 
improving diet and physical activity in the school that may be more attractive to them than more traditional ideas 
(Perez-Rodrigo & Aranceta, 2001; Perez-Rodrigo & Aranceta, 2003; WHO, 2008).   
 
Finally, community involvement is important because the broader community plays a role in creating 
awareness, publicity, and visibility for healthy diets and physical activity (Perez-Rodrigo & Aranceta, 2003; 
WHO, 2008).  Children are influenced by their external environment, which includes their community, when 
making choices about nutrition and physical activity.  The “built environment” (including urban design factors, 
land use, and available public transportation options) can either facilitate or hinder physical activity and healthy 
eating (Booth, Pinkston, Walker & Poston, 2005b), providing more reason to involve the community in healthy 
policy implementation.  For example, an area with few recreational facilities or poor lighting may hinder physical 
activity, while one with ample walking and bicycling paths may promote it (Booth et al., 2005b).  Similarly, an 
area with a high density of fast food outlets and convenience stores may promote unhealthy dietary habits (Booth 
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et al., 2005b).  All of these community factors should then be taken into account when implementing a school-
based health and nutrition policy.  Even if the school environment is modified to encourage healthy eating habits 
and physical activity, if it is contradicted by an environment that hinders the practice of healthy habits, this may 
become an issue.  Similarly, it is often recommended that a situational analysis be conducted during policy 
development in order to determine the current health status of the students, the knowledge, attitudes, beliefs, 
values, behaviours and conditions that the students associate with health eating and physical activity, and to assess 
what resources are already available within the school to promote healthy eating and physical activity (Daniels et 
al., 2005; Perez-Rodrigo & Aranceta, 2001; WHO, 2008).  This will help avoid any unnecessary conflict and 
ensure the cultural appropriateness of the program.  It will also allow for adaptation and improvement of the 
program and give time for the program to gain acceptance (Perez-Rodrigo & Aranceta, 2003).  Of note, since the 
current research was initiated, the Ontario Ministry of Education has implemented a School Food and Beverage 
Policy (Ontario Ministry of Education, 2010).  Other groups, including Cancer Care Ontario, are currently 
working to help Aboriginal Schools to implement school food policies specific to their culture (Cancer Care 
Ontario, 2010). 
 
2.4.3.2 Healthy Curriculum and Environment 
For school-based health and nutrition initiatives to be effective, they should also involve a curriculum for 
nutrition education that is sequential, implemented at preschool and continuing through secondary school (Brant 
County Health Unity, 2005; CDC, 1996).  Healthy eating and physical education should be integrated across the 
curriculum, in all subject areas (ADA, 1996), and be fun and culturally relevant (CDC, 1996; CDC, 2008; WHO, 
2004).  For example, a mathematics lesson could involve counting servings of food from different food groups of  
CFG on a plate.  This is only one example of how nutrition messages can be applied across the curriculum, as 
opposed to only in health class.  As previously noted, environmental approaches are another key to success – 
nutrition messages within the school must be consistent by providing a healthy food and physical environment 
that is congruent with what is taught in the classroom (ADA, 1996; Brant County Health Unit, 2005; CDC, 2008; 
Flynn et al., 2006; Perez-Rodrigo & Aranceta, 2003).  It is difficult for children to make healthy choices when 
they are surrounded by unhealthy foods which may often seem much more attractive than healthier ones, no 
matter what was learned in the classroom.  If unhealthy foods are offered within the school, this may also send 
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counterproductive or confusing messages to the students (Taylor, Evers & McKenna, 2005), which will not 
promote success of the program.  Research has shown that eating habits are influenced by the interaction between 
individuals and the environments that they live in, and not simply by the knowledge of which foods are healthy 
and which are not (ADA, 1999), which is why an environmental approach is such a vital component of a school 
health program if it is to be successful.  Ideally, the school should ensure that all foods available are consistent 
with classroom messages, reinforce healthy eating, are culturally appropriate, and facilitate making a healthy 
choice (ADA, 1999; Brant County Health Unit, 2005; Budd & Volpe, 2006; Flynn et al., 2006; OSNPPH, 2004; 
Perez-Rodrigo & Aranceta, 2001; WHO, 2004).  The environment also extends to things like healthy meal and 
snack scheduling, eliminating negative media messages (posters etc.), and keeping healthy foods affordable so 
that nothing within the school environment impairs any student from consuming a healthy diet, at least during the 
hours when they are in school (ADA, 1996; Perez-Rodrigo & Aranceta, 2001).   
 
2.4.3.3 Integration of School Food Service 
Another essential element of successful school-based health and nutrition programs is the integration of 
school food service and nutrition education in order to reinforce classroom messages about healthy eating (Brant 
County Health Unit, 2005; CDC, 1996; Perez-Rodrigo & Aranceta, 2003).  This idea encompasses all areas of 
school food service, including safe food handling practices and the provision of an allergy-free environment 
(Brant County Health Unit, 2005).  If school food service staff are not already trained, it would be advised that 
they be provided with in-service training on a regular basis to ensure that they are kept up to date.  Also, the 
school should make an effort to ensure that the foods provided within the school are healthy, reasonably priced, 
and culturally appropriate (Brant County Health Unit, 2005; OSNPPH, 2004; WHO, 2004).  The school may even 
want to include the students themselves when it comes to planning a healthy menu, as the program is more likely 
to be a success if the students are accepting and excited about the meals that are offered.  Variety, quality, 
presentation, and texture of the offered food items also contribute to the acceptability of the menu (Perez-Rodrigo 
& Aranceta, 2001), and should thus be taken into account during menu planning.  Overall, the food service 
environment in the school should be treated as a laboratory for learning, and should promote a healthy diet and 
make it easy for children to make healthy choices and apply what they have learned within the classroom.  They 
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should be given adequate time to eat in a comfortable environment in order to ensure program success (OSNPPH, 
2004). 
 
2.4.3.4 Training for Teachers and Staff 
 Adequate pre-service and in-service training for teachers and school staff is another tenet of successful 
school-based health and nutrition programs (Brant County Health Unit, 2005; CDC, 1996; CDC, 2008; FRESH, 
2008; OSNPPH, 2004; Perez-Rodrigo & Aranceta, 2001; Perez-Rodrigo & Aranceta, 2003; WHO, 2008).  It is 
interesting to note that enthusiastic teacher modeling of healthy eating behaviours has been found to increase the 
acceptance of healthy food choices in pre-schoolers (Taylor et al., 2005).  Teachers therefore need to be trained 
not only in effective nutrition education strategies for behavioural change, but also need to be made aware of their 
position as role models to students and others (Brant County Health Unit, 2005; OSNPPH, 2004; Perez-Rodrigo & 
Aranceta, 2001; WHO, 2008).  One reason why some school-based health and nutrition initiatives fail is because 
teachers are not sufficiently knowledgeable about how to integrate nutrition and physical education messages into 
the curriculum, and adequate training should help alleviate this problem.  Also, if teachers do not model healthy 
habits, at least while in the school, students may feel little motivation to do so themselves or be prone to not take 
the nutrition messages that they are being taught in the classroom seriously.  It is recommended that schools go 
even further, if possible, by providing opportunities for school staff to improve their own health status through 
activities such as health assessments, health education and health related fitness activities just for staff (CDC, 
2008).  In participating in such activities, teachers and staff will feel a greater commitment to the health of the 
students and be more apt to act as positive role models (CDC, 2008).  
 
2.4.3.5 Family and Community Involvement 
Family and community involvement in supporting and reinforcing nutrition education helps foster 
success for school-based health and nutrition programs (ADA, 1996; ADA, 1999; Brant County Health Unit, 
2005; CDC, 1996; CDC, 2008; Daniels et al., 2005; Flynn et al., 2006; OSNPPH, 2004; Perez-Rodrigo & 
Aranceta, 2001; Perez-Rodrigo & Aranceta, 2003; Taylor et al., 2005; WHO, 2008).  Family involvement is a 
well-documented predictor of program effectiveness (Perez-Rodrigo & Aranceta, 2001).  As previously discussed, 
it is the parents who control most of the food purchasing, provision, and preparation within the home, and they 
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therefore have a significant influence on the eating habits of their children.  If they are not involved at all with the 
school’s health program, healthy eating messages within the school may conflict with what is happening within 
the home, only leading to confusion for the child and a greater chance that the program will be unsuccessful.  
Additionally, it has been shown that nutrient intakes tend to aggregate in families (ADA, 1999) and that children’s 
eating behaviours are influenced by characteristics within the family unit, including the number of meals regularly 
eaten together around a table (ADA, 1999).  Children’s preferences for high fat foods, total fat intakes, and time 
spent in sedentary activities have been positively associated with parental adiposity (ADA, 1999).  This evidence 
should provide adequate incentive for school based programs to involve parents and families in school based 
health initiatives. It is imperative that family practices be congruent with what is being taught within the 
classroom, because of the undeniable influence that the family unit has on a child’s eating habits, no matter what 
they are taught within the school.  Oftentimes, the parents who are most involved in the school community already 
are those who are the most keen and concerned about their child’s welfare when it comes to diet and physical 
activity.  They may not be working and thus have more time to spend cooking home meals or promoting physical 
activity within their family.  They are also more in touch with what is going on in the school because they may 
actually be present at the school more often (volunteering etc.).  Therefore a special effort needs to be made to 
make those who are less present aware of what is happening during the school day and what they can do to 
provide an environment that supports classroom education.  Community involvement is equally important and has 
also been correlated with program success (Perez-Rodrigo & Aranceta, 2001).  The broader community can help 
by endorsing, collaborating, and co-sponsoring various programs for children that are supportive of what is being 
learned in school (Perez-Rodrigo & Aranceta, 2001; WHO, 2008). 
 
2.4.3.6 Program Evaluation 
All successful school-based health and nutrition programs must include a program evaluation component.  
School-based health and nutrition programs must be regularly evaluated for their effectiveness in promoting 
healthy eating and physical activity, and be modified as appropriate in order to maximize effectiveness (CDC, 
1996; CDC, 2008; Daniels et al., 2005; Flynn et al., 2006; WHO, 2004; WHO, 2008).  Through consistent 
monitoring and evaluation of the program, the progress of ongoing program activities can be assessed, and 
constraints that need corrective action may be identified.  Effectiveness and efficiency of the program may be 
28 
evaluated and outcomes can be measured to see if the program is meeting its goals and objectives (Perez-Rodrigo 
& Aranceta, 2001; Perez-Rodrigo & Aranceta, 2003; WHO, 2008).  As with all other processes within the 
program, evaluation should involve the contributions of all stakeholders, including the students themselves, who 
may provide an interesting perspective into the success of the program, and whether or not it is meeting its goals 
and objectives (Flynn et al., 2006; Perez-Rodrigo & Aranceta, 2003).  Overall, periodic updating, evaluation, and 
improvement are essential components of any successful school-based health and nutrition program (CDC, 2008).  
Without these elements, it is impossible to know whether or not the program is having its desired effect or even if 
it is being well accepted among the students. 
 
2.4.3.7 Possible Challenges and Solutions 
 Optimally, all schools would have the resources available to implement effective nutrition and 
physical activity programs and policies to create a healthy environment for its pupils.  Unfortunately, this is not 
always the case. The challenges facing schools related to implementing effective health and nutrition programs 
include profit issues, freedom of choice, policy interpretation, ineffective approaches to program implementation, 
and lack of consultation with all possible stakeholders during program development (McKenna, 2003).  
Competing issues such as available time for implementation, available resources, and motivation on the part of 
school staff are also important barriers that would need to be overcome, among others (Perez-Rodrigo & 
Aranceta, 2001). 
 
 Profit issues are major obstacles when it comes to the implementation of school-based health and 
nutrition programs (McKenna, 2003).  Unfortunately, the profits that a school makes from vending machines and 
snack shops, which may be primarily selling foods of low nutritional value, are often considered more important 
than the health of the students (McKenna, 2003).  Fundraisers and school councils also often depend on the sale of 
soft drinks, chocolate bars, and other unhealthy food items, and school policies that ban the sale of these products 
may be considered by the school as an infringement on their ability to fundraise (McKenna, 2003).  Schools are 
thus often hesitant and uncooperative when it comes to the implementation of nutrition policies and programs, as 
they may value profits over the health of their students.  Fortunately, research has indicated that these issues can 
be overcome, and that schools do not necessarily have to sacrifice profits for the health of their students (Fox, 
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Meinen, Pesik, Landis & Remington, 2005; French, Jeffrey, Story, Breitlow, Baxter & Hannan et al., 2001).  A 
recent review found that schools have been successful in improving their nutrition environment without suffering 
financial losses (Fox et al., 2005).  When promoted through various means, including price reductions and 
strategic advertising within the school, children have been found to choose nutrient dense foods more often (Fox 
et al., 2005).  Another study on vending machine sales found that a ten percent reduction in price resulted in a nine 
percent increase in low-fat snack sales (French at al., 2001).  A 25% and 50% reduction in prices of low-fat 
snacks resulted in a 39% and 93% increase in sales of these foods, respectively, without a change in total profits 
from vending machine sales (French et al., 2001).  When it comes to fundraising, healthy alternatives to unhealthy 
food sales include things like cookbooks of healthy recipes, school calendars, tooth brushes, stationary or school 
supplies, or even healthy bake sales or food stands (DASH BC, 2007).  Therefore, although schools may be 
concerned that implementation of a healthy policy may affect profits, a policy that is carefully implemented will 
not necessarily yield such results. In terms of the Aboriginal schools involved in this research, bake sales 
involving the sales of unhealthy foods are common.  The replacement of such sales with those selling healthy 
alternatives may prove just as popular, thus not affecting profits. 
 
 Oftentimes, schools are also of the belief that by removing foods of low nutritional value and providing 
an environment where only a variety of healthy foods are available, that students and staff are being denied their 
freedom of choice (McKenna, 2003).  Some schools even go as far as claiming that by eliminating unhealthy 
foods and offering only healthy ones, children will be getting only a “very narrow education” (McKenna, 2003).  
Although this may be true in some respects, it is very difficult for young children to make healthy choices when 
they are bombarded with a vast variety of unhealthy foods, which in many cases, may seem much more appealing.  
A healthy environment is necessary in order to support classroom education and encourage children to make 
healthy choices.  Some schools even counter this argument by claiming that by eliminating less healthy foods, 
schools are not sticking with the basic concepts provided by CFG, which encourages variety and does not 
distinguish between “good” and “bad” foods (McKenna, 2003).  Fortunately, in terms of the Aboriginal schools 
involved in this research, all schools have been more than happy to encourage healthy eating and food provision 
programs.   
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Unfortunately, policy interpretation is yet another barrier to implementing healthy school programs for 
obesity prevention (McKenna, 2003).  Schools are often unsure about how to interpret new policies and therefore 
implementation is inconsistent.  In some cases, implementation may not even occur at all (McKenna, 2003).  But 
schools themselves are not always to blame – they are often provided with inadequate funds, time, and expertise 
(McKenna, 2003) to implement a new policy, which only leads to disorganization, confusion, and a lack of proper 
program implementation.  In terms of the Aboriginal schools involved in this research, policy implementation 
may prove to be a problem.  Frequent communication with program coordinators and flexibility in the adaptation 
of guidelines based on the needs of the specific communities will help overcome potential policy implementation 
problems that may arise. 
 
 In order to overcome potential program implementation problems, schools must be open and motivated 
to implement policies that will improve the health of the students who attend them, and should be provided with 
the necessary resources to do so.  Also, consultation of all potential stakeholders before implementing a policy 
(staff, teachers, administration, parents, the community, etc) may help in foreseeing potential problems 
(McKenna, 2003) when it comes to budget or implementation.  This way, viable solutions to these issues can be 
agreed upon by all stakeholders before they become problematic. 
 
 Overall, school nutrition programs may have the potential to reach a large proportion of the Canadian 
Aboriginal population, and may play an important role in helping to reduce the prevalence of childhood and 
adolescent overweight in Aboriginal people by providing them with an environment conducive to healthy living.  
The current research will investigate the effectiveness of school nutrition programs in two First Nations 
communities in northern Ontario in terms of improving vegetable and fruit, fibre, folate, vitamin A, and vitamin C 
intakes, decreasing intakes of “other” foods, and improving nutrition knowledge, and self-efficacy and intentions 






3.0 Chapter 3: Objectives and Hypotheses 
3.1 Objectives 
The main goal of this research is to contribute to lowering the prevalence and incidence of overweight, 
obesity, and type 2 diabetes in the participating FN communities.  The current research will investigate the 
relationship between vegetable and fruit intakes and childhood overweight and obesity in on-reserve Aboriginal 
populations.  As childhood prevention is a viable approach to reducing the prevalence and incidence of adulthood 
overweight, obesity, and type 2 diabetes, it will also investigate the impact of a pilot school snack program on 
dietary intakes and the impact of a pilot comprehensive school nutrition program on nutrition knowledge, self-
efficacy, and intention, with a particular emphasis on vegetables and fruit. 
 
Using data on the dietary habits of on reserve Aboriginal school children in the northern communities of 
Attawapiskat, Fort Albany, Kashechewan, Moose Factory, and Peawanuck, and the southern communities of 
Christian Island and Georgina Island, Ontario the specific objectives of this research are: 
 
3.1.1 Objectives for Chapter 4 
1 – To describe the vegetable and fruit, “other” foods
1
, and relevant micronutrient intakes (vitamin A, vitamin C, 
fibre, and folate) of on reserve Aboriginal schoolchildren in relation to current dietary standards in Canada 
(Estimated Average Requirement (EAR), Adequate Intake (AI) and recommended CFG servings) and current 
Canadian intakes in the general population based on 2004 CCHS data, with respect to age and sex. Data were 
derived from 24-hr diet recalls completed between 2003 and 2010 by schoolchildren in grades six to eleven in the 
communities of Attawapiskat, Fort Albany, Kashechewan, Moose Factory, Peawanuck, Christian Island, and 
Georgina Island, Ontario, as part of the Web-Based Eating Behaviour Questionnaire (Appendix A, B).   
 
2 – To evaluate the variation in vegetable and fruit, “other” foods, and relevant nutrient intakes of Aboriginal 
schoolchildren with regard to a) year and b) community; through comparing intakes between years (where season 
                                                
1
 “Other” foods were defined as those foods included in the Canadian Nutrient File category of “other” foods, 
which includes saturated and/or trans fats and oils, foods that do not belong to any category of Canada’s Food 
Guide, foods high in fat and/or sugar (including some bakery products), high salt and/or high fat snacks, both 
higher and lower calorie beverages not including 100% juices and milk, and alcohol.  The category does not 
include unsaturated fats and oils or water (Health Canada, 2009a). 
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and community were constant) and between communities (where season and year were constant). Data were 
derived from 24-hour dietary recalls completed between 2003 and 2010 by schoolchildren in grades six to eleven 
in the communities of Attawapiskat, Fort Albany, Kashechewan, Moose Factory, Peawanuck, Christian Island, 
and Georgina Island, as part of the Web-Based Eating Behaviour Questionnaire (Appendix A, B).  The following 
dataset pairs were used to identify yearly variation in intakes: Attawapiskat (Winter 2006 & 2010), Christian 
Island (Fall 2003 & 2004), Fort Albany (Spring 2005 & 2009), and Kashechewan (Spring 2009 & 2010) 
(Appendix A).  The following community dataset pairs were used to identify variation in intakes across 
communities: Christian Island and Fort Albany (Fall 2004), Attawapiskat and Peawanuck (Winter 2005/2006), 
Moose Factory and Fort Albany (Winter 2007), and Kashechewan and Fort Albany (Spring 2009) (Appendix A). 
 
3 – To investigate a possible association between vegetable and fruit and fibre intakes and BMI in Aboriginal 
schoolchildren, controlled for age and sex. The BMI cutoffs used in the analysis were those described by Cole and 
colleagues (2000).  BMI was investigated as a categorical variable (healthy (includes underweight), overweight, 
or obese).  Vegetable and fruit and fibre intakes were investigated continuously.  Data were derived from 24-hour 
dietary recalls completed between 2003 and 2010 by schoolchildren in grades six to eight in the communities of 
Attawapiskat, Fort Albany, Kashechewan, Moose Factory, Peawanuck, Christian Island, and Georgina Island, 
Ontario, as part of the Web-Based Eating Behaviour Questionnaire (Appendix A, B). 
 
3.1.2 Objective for Chapter 5 
1 – To investigate the short- (one week) and long-term (one year) changes in vegetable and fruit, “other” foods, 
and relevant nutrient intakes of schoolchildren (grades six to eight) as a result of a pilot food provision (breakfast 
and snack) program at St. Andrew’s School in the FN community of Kashechewan, Ontario.  Data were derived 
from 24-hour recalls completed in May and June 2009 and May 2010 by schoolchildren in grades six to eight at 
St. Andrew’s School in Kashechewan, Ontario (Appendix A). 
 
3.1.3 Objectives for Chapter 6 
1 – To evaluate the vegetable and fruit, “other” foods, and relevant nutrient intakes of schoolchildren (grades six 
to eight) before and after a comprehensive school nutrition program in the FN community of Fort Albany, 
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Ontario.  Pre-program data were derived from 24-hour dietary recalls completed by schoolchildren in grades six to 
eight in June 2009 as part of the Web-Based Eating Behaviour Questionnaire (Appendix A, B).  Post-program 
data was derived from 24-hour dietary recalls completed by schoolchildren in grades six to eight, following the 
completion of the program in June 2010, as part of the Web-Based Eating Behaviour Questionnaire (Appendix A, 
B). 
 
2 – To evaluate students’ nutrition knowledge, self-efficacy and intentions to eat vegetables and fruit before and 
after a comprehensive school nutrition program in the FN community of Fort Albany, Ontario.  Pre-program data 
were derived from the Knowledge, Self-Efficacy, and Intentions Questionnaire (Appendix G), which was 
administered to grade six to eight students prior to the start of the program in March 2010.  Post-program data 
were derived from the same questionnaire, which was administered to grade six to eight students following the 
completion of the program in April 2010. 
 
3.2 Hypotheses 
 The following hypotheses relate to the specific objectives as outlined in section 3.1 Objectives. 
 
3.2.1 Hypotheses for Chapter 4 
1 – It is expected that the mean vegetable and fruit and related nutrient intakes of schoolchildren living in the 
Aboriginal communities of Attawapiskat, Fort Albany, Kashechewan, Moose Factory, Peawanuck, Christian 
Island, and Georgina Island, Ontario, will be below national standards (based on Dietary Reference Intakes and 
CFG), as well as below the mean intakes seen in the general Canadian population of the same age and sex group 
based on 2004 CCHS data.  Mean intakes of “other” foods are expected to be higher than mean intakes from the 
vegetable and fruit food group of CFG. 
 
2 – It is expected that mean vegetable and fruit, “other foods”, and related nutrient intakes of schoolchildren living 
in the more northern, remote, isolated communities will be significantly different as compared to children living in 
more southern, less isolated and remote communities.  In all communities, mean vegetable and fruit and related 
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nutrient intakes are expected to decline with increasing age.  Significant variations in mean vegetable and fruit, 
“other” foods, and related nutrient intakes are expected. 
 
3 – Using the BMI cutoffs defined by Cole and colleagues (2000) to describe healthy, overweight, and obese body 
weight categories in children and adolescents based on age, sex, weight, and height, it is expected that children 
with a lower intake of vegetables and fruit or fibre will be more likely to be overweight or obese.  
 
3.2.2 Hypothesis for Chapter 5 
1 – As the school snack program at St. Andrew’s School in Kashechewan, Ontario, provides vegetables and fruit 
to the schoolchildren on a daily basis, it is expected that mean vegetable and fruit, “other” foods, and related 
nutrient intakes will improve significantly in the short term (as compared to mean pre-program intakes).  In the 
long term, it is expected that, although mean vegetable and fruit, “other” foods, and related nutrient intakes will 
have improved significantly from baseline, they will be poorer than in the short-term analysis. 
 
3.2.3 Hypotheses for Chapter 6 
1 – It is expected that the mean vegetable and fruit, “other” foods, and related nutrient intakes of grade six to eight 
schoolchildren at Peetabeck Academy in Fort Albany will not improve significantly from baseline as a result of 
the comprehensive school nutrition program.  As poverty and the availability of fresh produce are major concerns 
in the communities in question, although improvements are to be expected at school, the barriers to sufficient 
intake on a 24-hour basis will not change.  Additionally, as the school already has a longstanding school food 
provision (breakfast/snack) program in place, significant further improvement in mean vegetable and fruit, “other” 
foods, and related nutrient intakes are not expected. 
 
2 – It is expected that the nutrition knowledge, self-efficacy, and intentions of schoolchildren in grades six to eight 
at Peetabeck Academy in Fort Albany to eat more vegetables and fruit will improve significantly as a result of the 
comprehensive school nutrition program.  As the school currently does not have a nutrition education program in 
place, children are expected to learn a lot from the program to be piloted in this research.   
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4.0 Chapter 4: Vegetable and Fruit Intakes of On-Reserve First Nations Schoolchildren in Ontario Fall 
Short of Canadian Averages and Current Dietary Standards  
4.1 Introduction 
Over the past 25 years, the prevalence of overweight and obesity has risen steadily in Canada, reaching 
epidemic proportions (Shields & Tjepkema, 2006; World Health Organization, 2000).  Rates of overweight and 
obesity in Aboriginal populations are becoming increasingly problematic, even more so than in the general 
population (Canadian Paediatric Society, 2005; Tjepkema, 2006; Tremblay et al., 2005; Garriguet, 2008).  
Children are no exception; Aboriginal children have higher rates of overweight and obesity compared to children 
of other ethnic backgrounds (Story et al., 2003; Willows, 2005a).  The First Nations Regional Longitudinal Health 
Survey (FNRHS) reports on the health of First Nations (FN) people living on-reserve in Canada.  The most recent 
FNRHS indicated that of FN youths aged 12 to 17 years, 28.1% were overweight and 14.1% were obese (FNRHS, 
2003).  For Canadian Aboriginal children aged twelve to 17 years living off-reserve, the 2004 prevalence rates of 
overweight and obesity were 20% and 21%, respectively.  Meanwhile, for Canadian children as a whole (aged two 
to 17 years), the figures were 18% and 8%, respectively, markedly lower compared to figures for Canadian 
Aboriginal populations (Shields, 2005).  The epidemic of obesity and overweight in Aboriginal populations is of 
particular concern as obesity is the strongest risk factor for type 2 diabetes, a metabolic disorder for which 
Aboriginal people may be especially susceptible (Young & Sevenhuysen, 1989; Young et al., 1990; Harris et al., 
1997). 
 
 Although the etiology of overweight and obesity in Aboriginal children is complex, dietary intake is an 
immediate, potentially modifiable contributor.  Data from the 2004 CCHS have specifically pinpointed a 
relationship between poor vegetable and fruit intakes in Canadian children and overweight and obesity (Shields, 
2005).  A review by Pereira and Ludwig (2001) also noted evidence to support an inverse relationship between 
dietary fibre intake and body weight or body fat, which may be related to a number of plausible mechanisms 
(Pereira & Ludwig, 2001).  Aboriginal people aged 19-50 years in Canada tend to consume diets inadequate in 
vegetables and fruit and high in “other” foods; those that do not fit into any category of CFG, that are generally 
high in fat, sodium, and sugar, and should thus be avoided (Garriguet, 2008; n=561).  Children are likely no 
exception.  These data, however, exclude Aboriginal people living on-reserve and do not describe the eating 
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habits of Aboriginal children.  An investigation of the vegetable and fruit, “other” foods, and related nutrient 
intakes of children and adolescents living on-reserve is warranted. 
 
In this study, the vegetable and fruit and relevant nutrient intakes of FN schoolchildren living on reserve, 
in Ontario, were described relative to current dietary standards and average intakes of Canadian children, based on 
CCHS data. The dietary contribution of “other” foods was also examined.  Variations in vegetable and fruit and 
“other” foods intakes by year and community were also investigated, where conditions were comparable.  Finally, 
the relationship between vegetable and fruit consumption, as well as dietary fibre intake, and BMI was 
investigated.  Data were collected using a validated, web-based 24-hour recall and questionnaire, developed at the 
University of Waterloo (WEB-Q) (Hanning, Jessup, Lambraki, MacDonald & McCargar, 2003) (Appendix B).  
Twenty-four hour recall data were collected between December 2003 and June 2010 in FN communities of 
northern (Peawanuck, Attawapiskat, Fort Albany, Kashechewan, and Moose Factory) and southern (Christian 




Data were collected in students aged ten to 18 years in seven FN communities.  The remote (at a great 
distance from a major city) Cree communities of Peawanuck, Attawapiskat, Fort Albany, Kashechewan, and 
Moose Factory, Ontario, lie in the Mushkegowuk Territory, on the western coast of James Bay and Hudson Bay.  
All communities are accessible only by air year-round, and by winter road after freeze-up.  Peawanuck (55º15’N 
85º12’W) is the most northern of all of the communities, followed by Attawapiskat (52º56’N 82º24’W), 
Kashechewan (52º18’N 81º37’W), Fort Albany (52º15’N 81º35’W), and finally Moose Factory (51º16’N 
80º32’W) (Figure 4.1) (MOW, 2010).  The more southern, Ojibway communities of Christian Island (44º50’N 
80º12’W) and Georgina Island (44º22’N 79º17’W), Ontario, are not remote, but isolated (not readily accessible by 
land) (Figure 4.1) (Maps of World [MOW], 2010).  Data were collected in partnership with the communities and 




Figure 4.1: Map of participating communities 
 
 
4.2.2 Vegetable and Fruit and Nutrient Intakes 
 Intakes of vegetables and fruit, “other” foods, vitamin A, vitamin C, fibre, and folate were assessed via 
the 24-hour recall portion of the Web-based Eating Behaviour Questionnaire, developed at the University of 
Waterloo (Hanning et al., 2003).  The WEB-Q has been used since 2001 to survey over 20 000 Canadian students 
(Hanning et al., 2003; Forbes, Storey, Fraser, Spence, Plotnikoff & Raine et al., 2009; Hanning, Royall, Toews, 
Blashill, Wegener & Driezen, 2009; Woodruff & Hanning, 2007; Hanning, Woodruff, Lambraki, Jessup, Driezen 
& Murphy, 2007; Storey, Forbes, Fraser, Spence, Plotnikoff & Raine, 2009).  It was recently validated in grade 
six to eight students, including students from Fort Albany FN, Ontario (n=25, 2004) (Hanning et al., 2009).  The 
24-hour recall component, where students are asked for recall of all the foods and beverages they consumed the 
previous day, has good relative validity when compared to dietitian-administered interviews in both non-
Aboriginal and Aboriginal students (Hanning et al., 2009).  Children are prompted to choose from over 800 foods, 
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including numerous traditional foods such as game meats and fish that may be consumed by FN children and 
adolescents.  Portion size selection is facilitated by actual photos of foods on a plate, scaled by the place setting.  
The 24-hour recall portion of the WEB-Q mimics the multiple-pass technique, a five-step method used by 
dietitians in face-to-face dietary recalls, which includes probing for forgotten foods, specific quantities, and any 
additions (condiments, spreads, etc.) (United States Department of Agriculture, 2010).    
 
4.2.3 Anthropometric Variables and Body Mass Index Classification 
 Students were measured for height by a trained research assistant using a tape measure affixed to a wall, 
to the nearest inch.  After being measured, students were told their height and they would then enter it into the 
appropriate section of the WEB-Q.  In an effort to maintain confidentiality, students weighed themselves using a 
standard portable weigh scale, to the nearest pound.  Students would then enter their weight into the appropriate 
section of the WEB-Q. Although diet and measurements were self-reported, the privacy and confidentiality of the 
WEB-Q as compared to dietitian-administered interviews may have decreased potential social desirability bias 
(Probst & Tapsell, 2005).   
 
 BMI was calculated to the nearest 0.1 kg/m
2 
based on the heights and weights self-reported in the WEB-
Q.  Students were classified into three BMI categories (normal, overweight, and obese) based on age- and sex-
specific cut-offs described by Cole and colleagues (Cole, Bellizzi, Flegal & Dietz, 2000).   
 
4.2.4 Data Analysis 
Twenty-four hour recall data were analyzed using the ESHA nutrient analysis software (Salem, Oregon, 
version 7.1), in accordance with the 2007 Canadian Nutrient File (CNF) (Health Canada, 2009a).  The 2007 
version of Canada’s Food Guide and CNF serving size specifications were used to analyze food guide servings of 
vegetables and fruit and “other” foods.  “Other” foods were those that fit the CNF definition of “other”, including 
saturated and/or trans fats and oils, foods that do not fit into any food group of CFG, high fat and/or high sugar 
foods (including some bakery products), high salt and/or high fat snacks, higher and lower calorie beverages not 
including 100% juice or milk, and alcohol (Health Canada, 2009a).  “Other” foods did not include unsaturated fat 
or oils, nor water (Health Canada, 2009a).  Nutrient data were compared to Dietary Reference Intakes (1999-2003 
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version) including the Estimated Average Requirement (EAR) for vitamin A, vitamin C, and folate, and the 
Adequate Intake (AI) for fibre, specific to age and sex (Table 4.1) (Health Canada, 2006).  Food group intakes 
were compared to 2007 CFG recommendations (excluding the recommendation for green and orange vegetables) 
(Health Canada, 2009b) and mean intakes reported in the CCHS (Statistics Canada, 2010), specific to age and sex 
(Table 4.1).  Because nutrient intakes are influenced by total energy intake in that those who consume greater 
energy also eat, on average, more of all specific nutrients, nutrient and food group intakes were adjusted for 
energy intake using the nutrient density method, to reflect intakes per 1000 kilocalories (kcal)
 
(Willett, Howe & 
Lawrence, 1997). 
 
Table 4.1: Dietary standards used to compare student intakes (Adequate Intakes (AIs), Estimated Average 
Requirements (EARs), Canada’s Food Guide (CFG) recommendations and Canadian Community Health 
Survey (CCHS) averages  
EAR, AI, or CFG 
recommendation 
CCHS mean 
intake Age Group Nutrient or food group 












Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day)* 
Folate (!g/day)** 
Vitamin A (RAE !g/day)** 
Vitamin C (mg/day)** 
Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 

















































Note: Servings of “other” foods were not compared as there is no formal recommendation or standard; RAE refers 
to retinol activity equivalents (vitamin A activity) 
*Adequate Intake; **Estimated Average Requirement  
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Statistical analyses were carried out using SPSS (Chicago, Illinois, version 17.0).  Descriptive statistics 
were computed for food group and nutrient intakes, compared to current standards and CCHS average intakes by 
age and sex.  A multivariate analysis of variance (MANOVA) was used to detect differences in intakes by year, 
controlled for season and community. A principal components analysis (PCA) was used to identify differences in 
dietary patterns by age and sex.  The PCA was used to reduce the inter-correlated nutrient and food group 
variables to fewer uncorrelated variables, for ease of examination.  A MANOVA was used to identify significant 
differences in PCA scores based on age and sex.  In addition, MANOVAs were used to detect differences in 
intakes by community, controlled for season and year.  Finally, MANOVAs were also used to investigate the 
possible relationship between BMI and fibre intake and vegetable and fruit intake.  Homogeneity of variances 
were tested for all variables, and appropriate transformations were computed when necessary to yield equal 
variances.  Because homogeneity of variances could not be achieved for the Fort Albany analysis comparing 
years, the data were split by sex. This allowed for equality of variances for all variables and the results for these 
data are therefore presented by sex.  The p-value of statistical significance for all analyses was 0.05 (5%). 
 
4.3 Results 
4.3.1 Comparison of Intakes to Current Dietary Standards and CCHS Data  
 A total of 443 students from seven FN communities were included in the analysis (Table 4.2).   All 
students in the grades investigated who were present at school on the day of the survey completed the 
questionnaire.  One student from Moose Factory and four students from Christian Island were excluded based on 
age (>18 years or no age reported).  Eight students were excluded from Attawapiskat because they were unable to 
complete the survey due to an Internet shutdown.  Finally, one student was excluded from Peawanuck because 
he/she did not complete the dietary survey.  In all age and sex groups, the majority of students did not meet 
current dietary recommendations, with the exception of vitamin C (Table 4.3), and mean intakes of vegetables and 
fruit were inferior to those reported in the CCHS for the same age and sex groups (3.5 versus 4.53 servings for 
males aged nine to 13 years, 3.3 versus 4.87 servings for males aged 14 to 18 years, respectively; 3.5 versus 4.40 
servings for females aged nine to 13 years, 3.6 versus 4.67 servings for females aged 14 to 18 years, respectively).  
The poorest intakes of vegetables and fruit were in boys aged 14 to 18 years.  The average intake of “other” foods 
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was greater than the average vegetable and fruit intake in all age and sex groups, in terms of servings.  Prevalence 
rates of overweight and obesity in the sample population were 31.8% and 19.6%, respectively. 
 
Table 4.2: Characteristics of the study participants 




9-13; 14-18 y 
Females (%) 




































































































































































107 (31.8) 66 (19.6) 
*Height and/or weight information was not available for 107 participants therefore body mass index (BMI) could 




































































Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day)** 
Folate (!g/day) 
Vitamin A (RAE !g/day) 
Vitamin C (mg/day) 
Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 
Vitamin C (mg/day) 
Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 
Vitamin C (mg/day) 
Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 









































































*Table shows unadjusted intakes 
**Recognizing that the Adequate Intake is an estimation of adequacy and not a recommendation, per se 
 
4.3.2 Comparison of Intakes by Year  
 Yearly variation of intakes was examined using the following data set pairs, controlling for season and 
community: Attawapiskat (Winter 2006 and 2010), Christian Island (Fall 2003 and 2004), Fort Albany (Spring 
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2005 and 2009) and Kashechewan (Spring 2009 and 2010) (Table 4.4).  Comparisons of intakes by year are 
shown in Table 4.5. 
 
 In terms of yearly variation, in Attawapiskat, the energy-adjusted intakes of fibre (p<0.001) were 
significantly higher in 2006 as compared to 2010, while energy-adjusted vitamin A (p=0.002) intakes were 
significantly lower in 2010 as compared to 2006.  In Fort Albany females, no significant differences in intakes by 
year were observed.  A significant AGEGROUPxYEAR interaction was noted for “other” foods in Fort Albany 
females (p=0.044).  In Fort Albany males, energy-adjusted intakes of “other” foods (p=0.033) and folate 
(p=0.048) were significantly higher in 2005 as compared to 2009.  Fort Albany males also had significantly higher 
energy-adjusted intakes of fibre (p=0.014) in 2009 as compared to 2005.  There was a significant 
AGEGROUPxYEAR interaction for fibre for Fort Albany males.  No significant differences in energy-adjusted 


















Table 4.4: Characteristics of study participants in dataset pairs* 




9-13; 14-18 y 
Females (%) 






























































































































*Overweight and obesity prevalence rates represent those where sufficient height and weight data were available 












Table 4.5: Food group and nutrient intakes by year, controlled for age, sex, season, and community (values 
in bold are statistically significant)* 
Food group/nutrient Year N Median Mean SD p-value 
Attawapiskat 
Vegetables and fruit (servings) 
 






Vitamin A (RAE !g/day) 
 









































































Vegetables and fruit (servings) 
 






Vitamin A (RAE !g/day) 
 








































































Fort Albany: Males 
Vegetables and fruit (servings) 
 











































Vitamin A (RAE !g/day) 
 




































Fort Albany: Females 
Vegetables and fruit (servings) 
 






Vitamin A (RAE !g/day) 
 









































































Vegetables and fruit (servings) 
 






Vitamin A (RAE !g/day) 
 













































































4.3.3 Differences in Dietary Patterns by Age and Sex 
A PCA was used to gain insight into the dietary patterns of the study participants.  In the PCA, the 
majority of the variation in dietary intakes was explained by the first (PC-1) and second (PC-2) principal 
component (PC) axes.  These first two axes accounted for 57% of the total variance, with PC-1 and PC-2 
explaining 37.9% and 19.1% of the variance, respectively.  Individuals with high scores on the PC-1 axis 
consumed diets rich in vegetables and fruit, fibre, folate, and vitamin C, and low in “other” foods, while those 
with high scores on the PC-2 axis consumed diets rich in “other” foods, vitamin A, and folate (Table 4.6).  The 
MANOVA revealed significant sex differences in PC-1 scores (p=0.006), with females having significantly higher 
scores on the PC-1 axis (Figure 4.2).  There were no significant differences in PC-1 scores by age group, nor were 
there any significant differences in PC-2 scores by sex or by age group.  There were no AGEGROUPxSEX 
interactions. 
 
Table 4.6: Principal component (PC) analysis scores for vegetables and fruit, related nutrients, and “other” 
foods (relatively large positive and negative values are in bold) 
Principal component  PC-1 PC-2 Food group/nutrient 
Variance explained 37.9% 19.1% 
Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 






















Figure 4.2: Sex differences in energy-adjusted dietary PC-1 scores 
 
4.3.4 Comparison of Intakes by Community 
To control for season and year, variation in food group and nutrient intakes by community was assessed 
using data that were collected in different communities during the same season and year.  The following dataset 
pairs were investigated: Christian Island and Fort Albany (Fall 2004), Attawapiskat and Peawanuck (Winter 
2005/2006), Moose Factory and Fort Albany (Winter 2007), and Kashechewan and Fort Albany (Spring 2009) 
(Table 4.7).  Comparisons of intakes by community are show in Table 4.8. 
 
 In the comparison of Christian Island and Fort Albany, significant differences in the energy adjusted 
intakes of vegetables and fruit (p=0.030) and fibre (p=0.025) were noted, with mean intakes for Christian Island 
being significantly higher than those in Fort Albany for both variables (Table 4.8).  None of the remaining food 
group and nutrient intakes were statistically different between communities.  In the comparison of Attawapiskat 
and Peawanuck, significant differences in the energy-adjusted intakes of fibre (p<0.001) and folate (p=0.033) 
were observed, with intakes of both nutrients being significantly higher in Peawanuck.  In the comparison of 
Moose Factory and Fort Albany, only the energy-adjusted vitamin A intake (p=0.028) was significantly different 
between communities, with students in Fort Albany consuming, on average, significantly more of this nutrient.  
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Finally, in the comparison of Kashechewan and Fort Albany, no significant differences between communities 
were observed. 
 
Table 4.7: Characteristics of study population in dataset pairs* 




9-13; 14-18 y 
Females (%) 

































































































































*Overweight and obesity prevalence rates represent those where sufficient height and weight data were 









Table 4.8: Food group and nutrient intakes by community, controlled for age, sex, season, and year (values 
in bold are statistically significant)* 
Food group/nutrient Community N Median Mean SD p-value 
Fall 2004 
Vegetables and fruit (servings) 
 






Vitamin A (RAE !g/day) 
 









































































Vegetables and fruit (servings) 
 






Vitamin A (RAE !g/day) 
 









































































Vegetables and fruit (servings) 
 











































Vitamin A (RAE !g/day) 
 





































Vegetables and fruit (servings) 
 






Vitamin A (RAE !g/day) 
 








































































*Table shows unadjusted intakes; p-values of significance are for energy-adjusted intakes (per 1000 kcal) 
 
4.3.5 Relationship Between BMI and Vegetable and Fruit and Fibre Intake 
 The height and/or weight measurements required to calculate BMI were missing for 107 participants; 
analyses were run on the 336 remaining participants.  The associations between BMI and vegetable and fruit 









Table 4.9: Investigation of the relationship between Body Mass Index (BMI), vegetable and fruit, and fibre 




N Median Mean SD p-value 






































*Table shows unadjusted intakes; p-values of significance are for energy-adjusted intakes (per 1000 kcal) 
 
4.4 Discussion 
 The majority of students who participated in the present study had intakes of vegetables and fruit, fibre, 
folate, and vitamin A that were less than national standards by age and sex.  In addition, mean intakes of 
vegetables and fruit were less than the average intakes of Canadian children of the same age and sex group as 
described in the CCHS.  In contrast, mean intakes of “other” foods seemed high (above five servings) in all age 
and sex groups, especially considering the low intakes of vegetables and fruit.  This is concerning as “other” foods 
are not a major source of micronutrients, being generally high in fat, sugar, and sodium, and may displace the 
intake of more nutritious foods, including vegetables and fruit. The dietary patterns of the youth involved in this 
study, characterized mainly by poor intakes of vegetables and fruit and excessive intakes of “other” foods, are in 
line with current research involving Canadian and American Aboriginal populations (Shields, 2005; Downs et al., 
2009; DiNoia et al., 2005; Jones, 2006). 
 
Rates of overweight and obesity in the sample are equally concerning, exceeding figures quoted in the 
CCHS of 20% and 21%, respectively (total 41%), for Aboriginal youth aged 12 to 17 years (measured heights and 
weights; off reserve data) (Shields, 2005).  It is likely that the poor dietary patterns of the children and adolescents 
participating in this study are only one of the many environmental contributors to excess weight. As no 
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statistically significant relationship was noted between vegetable and fruit and fibre intakes and BMI, our data do 
not support CCHS data that identified a relationship between poor vegetable and fruit intakes and overweight and 
obesity (Shields, 2005).  No significant difference was identified in terms of fibre intake as it relates to BMI 
categories.  This is in contrast to other research that has identified an inverse relationship between dietary fibre 
intake and body weight (Pereira & Ludwig, 2001; Hanley et al., 2000).  However, in both the case of vegetables 
and fruit and fibre intakes, lack of variability in the data (the majority of values were low compared to standards) 
may have contributed to the lack of association between BMI and vegetable and fruit and fibre intakes.  Also, 
waist circumference data may have provided a better measure of adiposity as opposed to BMI. 
 
The data collected in the present study provide information to the participating communities to help in 
designing strategies to improve the dietary intakes of children and adolescents in their own communities.  
Unfortunately, there are numerous barriers to healthy eating in remote FN communities, including food insecurity 
(World Health Organization, 2010) and inadequate access to reasonably priced, healthy foods of consistent 
quality.  Often, “other” foods are inexpensive and energy dense, and therefore a top choice for those shopping on 
a budget.  One way to overcome this barrier is through school nutrition programs.  The ability to target a large 
proportion of the population at a time when they are still highly impressionable is advantageous.  The Northern 
Fruit and Vegetable Pilot Program (NFVPP) is a school nutrition program that was piloted in 18 communities in 
northern Ontario (He, Beynon, Sangster Bouck, St. Onge, Stewart & Khoshaba, 2007).  Results from the pilot 
project suggest that a combination of daily food provision and nutrition education is superior in terms of 
increasing vegetable and fruit intakes as compared to either food provision or nutrition education, alone (He et al., 
2007).  The FN communities that participated in the present study may benefit from a combination of food 
provision and nutrition education programs to improve vegetable and fruit and relevant nutrient intakes in 
schoolchildren. At the time of data collection, Fort Albany FN already had a healthy school snack program in 
place for numerous years, providing one to one and a half servings of vegetables and fruit per student per day (all 
Fort Albany datasets).  The program has helped the community overcome barriers including high prices and 
inconsistent quality of fresh produce by flying in food for the snack program rather than buying it at the local 
store.  This program should serve as an example for other communities that are struggling with similar issues.  
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Augmenting such programs with a nutrition curriculum may be beneficial to further improve vegetable and fruit 
and relevant nutrient intakes of the schoolchildren.  
 
Finally, it should be noted that no significant community variation in vegetable and fruit and “other” 
foods intakes were noted in the pairs examined in this study, with the exception of the Christian Island and Fort 
Albany pair, where those in Fort Albany had significantly lower intakes of vegetables and fruit.  As Fort Albany is 
more isolated and remote as compared to Christian Island, it is not surprising that mean intakes of vegetables and 
fruit would be lower in Fort Albany.  As Fort Albany is a northern community and food needs to be flown in, 
fresh foods are often scarce, of poor quality (not fresh), and very expensive.  “Other” foods, such as chips, 
cookies, and other packaged foods are generally less expensive and more accessible.  Those living in Christian 
Island may have better access to reasonably priced, fresh foods year round, and may therefore rely less heavily on 
packaged items.  The variation that was seen in the intakes of other nutrients among all of the community pairs 
examined in this study are most likely reflective of a myriad of differences between the communities that are 
beyond the scope of this study. Additionally, no significant variation in yearly intakes of vegetables and fruit or 
“other” foods was noted, however in some communities, yearly intakes of certain nutrients varied significantly.  
However, significant yearly and community differences in intakes should be interpreted with caution; keeping in 
mind that dietary intakes vary on a day-to-day basis and that data were not paired.  Results may therefore have 
been affected by inter-individual variation in intakes.  In 2008, Skinner and colleagues collected 24-hour dietary 
recall data in First Nations students in Fort Albany every week day in order to determine day-to-day variation in 
nutrient and food group intakes (unpublished data; n=6).  The coefficients of variation for energy adjusted 
vegetable and fruit, “other” foods, fibre, folate, vitamin A, and vitamin C intakes were 1.14, 0.62, 0.53, 0.36, 1.01, 
and 1.74, respectively (excluding Monday as a Monday recall would reflect weekend intake and would not be 
consistent with the recalls used in the data used in the current study, which excluded weekend data).  Therefore, it 
is possible that some of the significant differences in intakes by year and community observed in the current study 
may be the result of simple day-to-day or inter-individual variation.  In the current study, the significant 
differences seen in fibre and folate between Christian Island and Fort Albany, and the significant difference in 
yearly intakes of fibre in Fort Albany males all fell within normal day-to-day variation of intakes of these 
nutrients.  Other significant findings did not fall into ranges of normal day-to-day variation based on the data 
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collected by Skinner and colleagues (2008), but may be the result of inter-individual variation.  Therefore, 
although the results suggest that year of data collection and community may be confounding factors, it should be 
noted that these results may simply be the result of inter-individual or day-to-day variation in intakes, as the data 
examined were not paired and were a comparison of two one-day recalls.    
 
4.4.1 Conclusions 
 Overall, the current study suggests that the FN children and adolescents living on reserve in Ontario have 
similar dietary patterns to those reported for other off reserve and on reserve Aboriginal populations (Shields, 
2005; Downs et al., 2009; DiNoia et al., 2005; Jones, 2006); the diet being characterized by poor vegetable and 
fruit and intakes of “other” foods exceeding those of vegetables and fruit in terms of servings.  Prevalence rates of 
overweight and obesity are in excess of those reported by the CCHS (Shields, 2005).  Although no relationship 
was identified between BMI and vegetable and fruit or fibre intake, the dietary intakes of the participants in the 
present study, on a whole, are likely obesogenic.  School nutrition programs, specifically multi-component 
programs integrating both a nutrition curriculum and healthy food provision, may be a viable tool to help 
overcome the barriers to healthy eating in the participating communities.  Finally, community and year of data 
collection may be confounding factors, but differences in intakes may simply be due to inter-individual and 
normal day-to-day variation in intakes.  Ideally, multiple days of intake are needed to provide a more complete 
picture of community and yearly variation in intakes.  User-friendly electronic dietary assessment tools would 
support this need. 
  
4.4.2 Study Limitations  
 The sample size used in this study was limited, meaning that there was a reduced ability to detect 
statistical differences in intakes.  This study used the 24-hour recall to examine nutrient and food group intakes – 
this self-reporting method of dietary recall is prone to inaccuracy and underreporting, however, the WEB-Q used 
in this study has been validated and mimics the multiple-pass method, helping to address this limitation (Hanning 
et al., 2009).  Although a one-day recall does not necessarily give a true value of mean population intakes, the 
number of recall days required to obtain a true value of mean intakes for many nutrients would take away from 
classroom time and be unfeasible in some cases (e.g., 39 to 44 days for vitamin A) (Basiotis, Welsh, Cronin, 
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Kelsay & Mertz, 1987).  Self-reported heights and weights were used to calculate BMI therefore these figures 
may not be as accurate as researcher-recorded data. However, measurements were available to students.  
Moreover, the fact that the WEB-Q is private and confidential, as compared to dietitian-administered interviews, 
may have decreased or eliminated social desirability bias (Probst & Tapsell, 2005). As FN communities 
























5.0 Chapter 5: A School-Based Healthy Snack Program in Kashechewan First Nation: Impact on Vegetable 
and Fruit Intakes  
5.1 Introduction 
The prevalence of overweight and obesity in Canada has steadily risen over recent decades, reaching 
epidemic proportions (Shields & Tjepkema, 2006; World Health Organization, 2000).  Childhood overweight and 
obesity is especially concerning; even in children and adolescents, overweight and obesity has been associated 
with numerous deleterious health outcomes, including dyslipidemia, glucose intolerance and type 2 diabetes, 
hepatic steatosis, cholelithiasis, hypertension, sleep apnea, orthopedic complications, and polycystic ovary disease 
(Dietz, 1998).  Medical complications aside, children and adolescents who are overweight or obese are frequent 
targets of early and systemic discrimination (Dietz, 1998). Childhood overweight and obesity is especially 
concerning because those who are overweight or obese as children are more likely to become overweight or obese 
in adulthood (Freedman et al., 2001).  The risk of overweight children becoming overweight adults is estimated at 
least twice as high compared to normal weight children (Singh et al., 2008).   Childhood obesity is also predictive 
of adult morbidity, including hypertension, diabetes, and hypercholesterolemia (Dietz, 1998; Freedman et al., 
2001; Nicklas et al., 2001).  As a result of the rising prevalence of childhood overweight and obesity in Canada, 
the House of Commons Standing Committee on Health has suggested that today’s children may be the first 
generation for some time to live sicker, short lives than their parents (House of Commons Canada, 2007). 
 
 There exist widespread disparities in morbidity and mortality between Aboriginal and non-Aboriginal 
populations in Canada (Young, 2003).  Aboriginal people often live in conditions and experience health outcomes 
comparable to those in developing nations (Cooke et al., 2004).  In recent decades, chronic disease, obesity, and 
type 2 diabetes have become epidemic in Aboriginal peoples, more severely so than in the general population
 
(Young et al., 2000).  Data from the 2004 CCHS have indicated that the odds of obesity in Aboriginal people 
living off reserve in Canada are more than two and a half times greater than in the general population (Garriguet, 
2008).  Aboriginal children also experience higher rates of overweight and obesity compared to children of other 
ethnic backgrounds (Story et al., 2003; Willows, 2005).  
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 The disproportionate burden of overweight and obesity in Aboriginal Canadians justifies the need for 
preventative interventions. Diet is an important contributor to obesity in Aboriginal populations, as poverty, food 
insecurity (World Food Summit, 1996), and poor availability and quality of healthy foods in geographically 
remote communities are major barriers to healthy eating (Skinner et al., 2006). Research in Quebec, Canada, has 
indicated that the diets of FN children are energy dense yet low in foods of high nutrient density, and that 98.5% 
of children consume fewer than five servings of vegetables and fruit per day (Downs et al., 2009).  A study of 
Native American youth also indicated that they consumed very few vegetables and fruit, with the exception of 
potatoes and apples, and had high intakes of “other” foods (Di Noia et al., 2005).  “Other” foods are those that do 
not fit into any food group of CFG, and are generally high in fat, sugar, and sodium, and should thus be avoided.  
Further research has linked the poor intakes of vegetables and fruit in Aboriginal children to overweight and 
obesity. For example, in the FN community of Sandy Lake, Ontario, children who had greater fiber intakes were 
less likely to be overweight
 
(Hanley et al., 2007).  Likewise, CCHS data suggested that children who consumed 
vegetables and fruit more frequently were less likely to be overweight or obese (Shields, 2005).  
 
The school is the ideal milieu for intervening in the diets of Aboriginal children, as they generally spend 
six or more hours per day there, five days per week.  While nutrition education may be a powerful tool in 
improving the diets of children, in remote, isolated FN communities, food insecurity and the inaccessibility of 
healthy food are serious barriers to the success of such programs.  Food provision programs, however, may hold 
promise in improving the diets of children living in remote, isolated FN reserves by giving them the opportunity 
to have foods that would be otherwise inaccessible.  This study aims to examine the short- and long-term impact 
of a pilot school snack program on the vegetable and fruit and “other” food intakes of grade six to eight students 




Kashechewan is located on the northern shore of the Albany River, 10 kilometres upstream from James 
Bay and approximately 300 kilometres north of Timmins, Ontario (Mushkegowuk Council, 2010).  The 
community is accessible only by air year-round, by barge during the ice-free months, and by winter road after 
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freeze-up. St. Andrew’s School, consisting of eight portables, replaced the previous school, which was 
condemned due to toxic mould
 
(Paradis, 2010).   Similar to other remote communities, living standards in 
Kashechewan are poor.  There exists only one grocery store in the community, and fresh produce is extremely 
expensive, often of poor quality, and availability is unpredictable. The pilot snack program was administered to 
approximately 400 students in pre-kindergarten to grade eight at St. Andrew’s School in Kashechewan, Ontario.  
Only students in grades six to eight completed the 24-hour recalls used to assess dietary intakes.  Data were 
collected in partnership with St. Andrew’s School in Kashechewan FN and with approval from the Office of 
Research Ethics at the University of Waterloo, Ontario, Canada (Appendix C).   
 
5.2.2 Procedures 
 The pilot school snack program was initiated in May 2009 for students in pre-kindergarten to grade eight.  
The program was planned in collaboration with advisors, including the coordinator of a similar program in Fort 
Albany FN, Ontario, and the school principal.  The original menu was based on foods available in the local store.  
It emphasized fresh vegetables and fruit, low-fat milk products, and whole grains.  The aim of the program was to 
serve at least one serving of vegetables and fruit and one serving of milk and alternatives daily.  Additional foods 
(grain products and/or meat and alternatives) were encouraged, but not compulsory.  Snacks were prepared in the 
main portable every morning, and distributed to individual classrooms, where children would eat at their desks.  
Immediately before and after the first week of the program, students in grades six to eight completed the WEB-Q.  
The program was then continued under the direction of a volunteer program coordinator, who was provided with 
detailed guidelines of what types of foods to serve, including a sample shopping list (Appendix D).  Contact with 
the program coordinator was maintained throughout the following year, and program modifications were made in 
consultation with the investigators in order to account for changes in food availability and storage. One year 
following the initial implementation of the program, students in grades six to eight repeated the WEB-Q.   
 
5.2.3 Web-Based Eating Behaviour Questionnaire  
The Web-based Eating Behaviour Questionnaire (WEB-Q), developed at the University of Waterloo, was 
used to assess vegetable, fruit, and nutrient intakes
 
(Hanning et al., 2003) (Appendix B).  The WEB-Q 
incorporates a 24-hour diet recall, a food frequency questionnaire, and questions addressing knowledge, attitudes, 
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intentions, and food related behaviours
 
(Hanning et al., 2003).  It has been used since 2001 to survey over 20 000 
Canadian students, and was recently validated in grade six to eight students, including FN students from Fort 
Albany, Ontario (n=25, 2004)
 
 (Hanning et al., 2003; Hanning et al., 2009; Storey et al., 2009; Forbes et al., 2009; 
Hanning et al., 2007; Woodruff & Hanning, 2008).  The 24-hour recall portion of the WEB-Q has good relative 
validity when compared to dietitian-administered interviews in both Aboriginal and non-Aboriginal students
 
(Hanning et al., 2009).  The tool is interactive and user-friendly, including several methods for searching for over 
800 foods (by menu of common choices, typing key words, and alphabetical and food group listings).  Portion 
size is selected from six choices displayed on the screen as actual photos of food on a plate, scaled by the place 
setting. It mimics the multiple-pass technique commonly used by dietitians when conducting one-on-one dietary 
recalls by incorporating prompts for forgotten foods, beverages, condiments, and toppings, and providing several 
opportunities to review and revise intake. 
 
5.2.4 Data Analysis 
 Dietary data were analyzed using the ESHA nutrient analysis software (Salem, Oregon) version 7.1, in 
accordance with the 2007 Canadian Nutrient File (CNF) (Health Canada, 2009a).  The CNF is a comprehensive 
database that reports up to 143 nutrients in over 5 500 foods
 
(Health Canada, 2009a).  Analysis of food guide 
servings was based on the 2007 version of Canada’s Food Guide (CFG) (Health Canada, 2009b).  Descriptive 
statistics for the sample were used to compare intakes to current standards, based on Estimated Average 
Requirements (EARs) for folate, vitamin A, and vitamin C, Adequate Intakes (AIs) for fibre, and CFG 
recommendations for vegetable and fruit servings (Health Canada, 2006).  “Other” foods were defined as those 
foods included in the Canadian Nutrient File category of “other” foods, which includes saturated and/or trans fats 
and oils, foods that do not belong to any category of CFG, foods high in fat and/or sugar (including some bakery 
products), high salt and/or high fat snacks, both higher and lower calorie beverages not including 100% juices and 
milk, and alcohol.  The category does not include unsaturated fats and oils or water (Health Canada, 2009a).  The 
intakes of students in Kashechewan at all stages of the program were also compared to mean intakes of Canadian 
children of the same age and sex, based on CCHS data (Statistics Canada, 2010).  Standards and mean intakes 
used in the comparison are shown in Table 5.1.  Students were assigned a BMI category based on the cut-offs 
described by Cole and colleagues (2000)
  
(normal, overweight, or obese) and based on self-reported heights and 
61 
weights.  Wilcoxon signed-ranks tests were used for comparisons of median intakes at baseline to one-week and 
one-year post-program median intakes, as well as the comparison of one-week to one-year post-program intakes.  
Analyses were paired, so because all students did not complete all three WEB-Qs, the pairs were different for each 
analysis (pre-program to one-week post-program pairs versus pre-program to one-year post-program pairs, for 
example).  Because nutrient intakes are influenced by total energy intake in that those who consume greater 
energy also eat, on average, more of all specific nutrients, nutrient and food group intakes were adjusted for 
energy intake using the nutrient density method, to reflect intakes per 1000 kcal
 
(Willett et al., 1997). One-tailed 
analyses were used for the comparison of baseline to one-week post-program intakes, as we predicted an increase 
in vegetable and fruit and related nutrient intakes; while two-tailed analyses were used in the comparison of 
baseline to one-year and one-week to one-year post-program intakes; as we did not make any predictions due to 
the logistics of delivering the snack program in a remote community. Statistical analyses were carried out using 


















Table 5.1: Estimated Average Requirements (EARs), Adequate Intakes (AIs), Canada’s Food Guide 
recommendations, and Canadian Community Health Survey data to be used in comparing student intakes 
EAR, AI, or CFG 
recommendation 
CCHS mean 
intake Age Group Nutrient or food group 












Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day)* 
Folate (!g/day)** 
Vitamin A (RAE !g/day)** 
Vitamin C (mg/day)** 
Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 

















































Note: “Other” foods is excluded as there is no formal recommendation or standard 
*Adequate intake; **Estimated average requirement 
 
5.3 Results 
Characteristics of the study population for each time period are shown in Table 5.2. Over the course of 
the study, 156 WEB-Qs were completed.  Two students were excluded from the analysis because they did not 
complete the 24-hour recall portion of the WEB-Q due to technical difficulties with the computer system.  The 
sample had high prevalence rates of overweight and obesity at baseline, 42.5% and 17.5%, respectively, totaling 
60% (one student was excluded due to incomplete data on height and weight).  This figure far surpasses the 
prevalence rates of combined overweight and obesity reported in the CCHS of 38% for youth aged 12-17 years
 
and 41% for off-reserve youth of the same age (Shields, 2005).  Intakes of vegetables and fruit, “other foods”, 
fibre, folate, vitamin A, and vitamin C as compared to CFG recommendations, EARs, AIs, and average Canadian 
intakes for children and youth aged nine to 13 years and 14-18 years are shown in Table 5.3.  At baseline, the vast 
majority of participants had intakes of all nutrients investigated that fell below current standards, with the 
63 
exception of vitamin C, with just over half (51.2%) of the study population meeting the recommendation for this 
nutrient.  Nearly all participants had inadequate intakes of vegetables and fruit based on minimum CFG 
recommendations, and the mean intakes of vegetables and fruit were lower than the Canadian average for youth of 
same age and sex based on CCHS data (2.6 and 1.6 servings for males aged nine to 13 and 14-18 years, 
respectively; 2.3 and 2.6 servings for females aged nine to 13 and 14-18 years, respectively). 
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pairs 
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*N is based on all students who completed the questionnaire at the specified time, not the matched samples 
 
Table 5.3: Intakes of vegetables and fruit, “other” foods, fibre, folate, vitamin A, and vitamin C compared 
to current recommendations 
Food group/nutrient 














Vegetables and fruit (servings) 
Fibre (g/day)* 
Folate (!g/day) 
Vitamin A (RAE !g/day) 




















5.3.1 Changes in Food Group and Nutrient Intakes  
Paired data were used to compare median intakes pre-program to one-week and one-year post-program 
median intakes, as well as one-week to one-year post-program median intakes. Thirty-seven, 23, and 24 student 
pairs were included in the baseline to one-week post-program, baseline to one-year post-program, and one-week 
to one-year post-program analyses, respectively. Note that there were no statistically significant differences in 
intakes of any food groups or nutrients between the paired and unpaired samples in any of the comparisons. 
 
 Differences in food group and nutrient intakes one-week and one-year post-program as compared to pre-
program are shown in Table 5.4. Comparisons of vegetable and fruit intakes for each program stage are shown in 
Figures 5.1, 5.2, and 5.3.  Following one week of the program, significant increases in intakes of fibre (p=0.015) 
and vitamin C (p=0.024) were observed.  No significant changes were observed in intakes of vegetables and fruit 
(servings), folate, vitamin A, or “other” foods (servings).  On the day recalled, the snack program provided 
approximately two servings of vegetables and fruit per student.  Despite one-week post-program improvements in 
nutrient intakes, the majority of students still had nutrient and food group intakes inferior to current dietary 
standards (EARs and AIs) and CFG recommendations, respectively, with the exception of vitamin C. Mean 
intakes of vegetables and fruit in all age and sex groups were still sub-par as compared to mean intakes of youth 
of the same age and sex based on CCHS data (3.1 and 1.9 servings for males aged nine to 13 and 14-18 years, 
respectively; 3.0 and 2.4 servings for females aged nine to 13 and 14-18 years, respectively).    
 
 Following one year of the program, no significant changes in intakes were observed as compared to 
baseline.  However, intakes of vegetables and fruit had decreased significantly one year post-program as 
compared to one-week post-program (0.95 to 0.58 servings/1000 kcal; p=0.033), although one year post-program 
intakes did not differ significantly from baseline.  There were no other significant differences in intakes one year 
post-program as compared to one week post-program.  On the day recalled, the snack program provided 
approximately one serving of vegetables and fruit per student.  After one year of a pilot snack program, the 
majority of students were not meeting the EAR, AI, and CFG recommendations for nutrients and food groups.  
Most notably, 98.5% of students had inadequate intakes of vegetables and fruit compared to minimum CFG 
recommendations.  In addition, one year into the program, mean intakes of vegetables and fruit in all age and sex 
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groups remained inferior to those of children of the same age and sex based on CCHS data (1.7 and 1.8 servings 
for males aged nine to 13 and 14 to 18 years, respectively; 1.9 and 1.3 servings for females aged nine to 13 and 14 
to 18 years, respectively). 
 
Table 5.4: Comparison of changes in intakes between program stages* 
Mean Intakes (SD) 

























Vegetables and fruit (svgs) 
“Other” foods (svgs) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 
Vitamin C (mg/day) 
Vegetables and fruit (svgs) 
“Other” foods (svgs) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 
Vitamin C (mg/day) 
Vegetables and fruit (svgs) 
“Other” foods (svgs) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 




























































































Figure 5.3: Comparison of vegetable and fruit intakes one week post-program to one year post-program 
 
 
5.3.2 Student Impressions of the Program  
Students were generally very enthusiastic about the program.  They expressed a desire to receive more 
vegetables, fruit, and milk products as part of the snack program.  Sixty-four percent of students reported that they 
were motivated to eat healthier as a result of the program, and 67% reported making better choices about what 
they eat.  Forty-eight and 81% of students reported eating more vegetables and fruit, respectively.  Finally, 48% of 
students asked their parents to buy or serve the vegetables or fruit that they had tried at school. Students reported 
liking the program because they were less hungry and more ready to learn after having their snacks.  One student 
said “I like having food in the morning because I’m hungry”, while another liked the program because “it fills my 
stomach”.  Students were very thankful and made cards for the investigators for starting the program.  “Thank you 
for introducing us to new food”, “I’d never tasted kiwis before and cantaloupe. Thanks”, “I never knew 
cantaloupe tasted good.  We’re glad you brought us snacks”, “Thank you for giving us healthy food” and “I’m so 





5.3.3 Impressions of the Teachers and Principal 
 During a focus group discussion attended by all teachers present at the school that day (June 2010) and 
the principal of St. Andrew’s School, teachers described the snack time as the “high point” of the day, and also 
thought that it improved motivation in the students.  They thought it was especially important because most 
students do not eat breakfast and come to school hungry.  They pointed out the need for the program to be more 
consistent and but otherwise, feedback was overwhelmingly positive.  The principal expressed concerns about a 
lack of reliable volunteers.  He was, however, extremely optimistic and expressed that with consistent funding, 
adequate resources, and dedicated volunteers, the program could be very successful.  Similar to the teachers, he 
thought that the program was especially important because so many of the students come to school hungry. 
 
5.3.4 Program Integrity 
Sustaining a healthy school food provision program in a remote FN community poses numerous 
opportunities and challenges.  The program piloted in Kashechewan FN provided the opportunity to improve the 
dietary intakes of a large proportion of the population who would otherwise not have access to vegetables and 
fruit at an affordable price.  The students were eager to try new foods, and teachers indicated that students seemed 
more attentive and ready to learn during class time after eating the morning snack.  Unfortunately, the challenges 
to the continuation and success of the program were numerous, as is reflected by the lack of improvement in 
intakes following one year of the program.  During the first week of the program, investigators were able to 
provide an “ideal” snack program, with five investigators working throughout the entire day to provide both a 
breakfast and snack.  Generally, investigators were able to provide two servings of vegetables and fruit per student 
per day.  In the year following, the program was maintained by a single volunteer, which made it much more 
difficult to consistently provide fresh vegetables and fruit, which may explain, partially, why  food group and 
nutrient intakes did not improve over the long-term.  As a result of staffing issues, limited storage facilities, school 
closure, and limited funding, the program was not continuous throughout its first year, and when it was re-
initiated, it only ran twice per week, as compared to five days per week at its primary initiation.  The program 
later returned to five days per week, but snacks were limited to one item per day (not necessarily a vegetable or 
fruit) in order to spare the remaining funds, which is far from ideal.  Limited storage capacity was another major 
69 
program barrier, as the school only had one fridge, one freezer, and extremely limited storage space for food.  
There was also limited space for food preparation.  The quality and availability of healthy foods at the store was 
limited, meaning that substitutions were common, sometimes with less healthy alternatives such as canned fruits 
or 100% fruit juices.  Funding was also a major barrier to program continuation.  Because bulk food prices are not 
available, the need for funding is even more pressing.  The availability of personnel was a final barrier to the 
continuation of the program.  Although the program is presently made possible by a volunteer coordinator, if she 
is unavailable for any reason, there is nobody available to take her place.  Although teachers are ready to help, 
they are less available as they are often busy with other tasks.  The acquisition of at least one more volunteer 
would be ideal. Finally, it should be noted other factors, including school closure due to the H1N1 pandemic, may 
have negatively affected the pilot snack program. 
 
5.4 Discussion 
Overall, the findings suggest that 11 to 16 year-old youth attending St. Andrew’s School in the remote 
community of Kashechewan FN accrued short-term benefits from the school snack program, but over the long -
term, experienced no improvement in intakes of vegetables and fruit and associated nutrients.  Intakes of vitamin 
C, folate, and fibre improved significantly over the short term, but no changes were seen in the long-term 
comparison.  After one year of the program, the majority of students still consumed inadequate servings of 
vegetables and fruit and still had poor nutrient intakes as compared to EARs, AIs and CFG recommendations.  
Intakes of vegetables and fruit remained inferior to those of the general population of the same age and sex. These 
results reflect the numerous challenges that emerged throughout the year following the initiation of the snack 
program.  While investigators were able to provide an “ideal” program during the week following its initiation, 
continuation of the program once the investigators had left the community was a constant struggle.  
 
The results of this study suggest the need for continued program improvement. A more comprehensive 
program, including nutrition education, family and community involvement, and food provision, to further target 
the vegetable and fruit intakes of this population is merited, but would require significant resources in terms of 
staff and funding.  Data from the Northern Fruit and Vegetable Pilot Program, a nutrition education and food 
provision program piloted in 18 schools in northern Ontario, indicated that food provision combined with nutrition 
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education resulted in a greater improvement in vegetable and fruit intakes as compared to food provision or 
nutrition education alone
 
(He et al., 2007).  Similarly, the current program in Kashechewan First Nation may 
benefit from a more comprehensive approach in order to further improve food group and nutrient intakes, bringing 
them closer to dietary standards.   
 
Some of the barriers to the continuation of the program have been, at least partially, resolved.  Sources of 
funding are being investigated so that the program can begin to offer snacks of more consistent quality, every 
school day.  The snack program coordinator in the neighboring community of Fort Albany FN is an invaluable 
resource in terms of knowledge of funding possibilities, as a similar program in Fort Albany FN has been running 
successfully for over 20 years
 
(Skinner et al., 2006).  Although two new freezers have been purchased, storage 
remains a problem, and will be nearly impossible to improve without the construction of a new, permanent school 
building.  Ideally, further initiatives would include continuation of the program five days per week, the 
recruitment of reliable volunteers, and the implementation of a more comprehensive approach in order to further 
improve vegetable and fruit and nutrient intakes among the participating students. 
 
Despite barriers, the program will be continuing into the next school year.  The principal is optimistic, 
expressing that as long as he can acquire more dedicated volunteers and consistent, adequate funding, the program 
will be beneficial.  The need for the program cannot be understated; in the words of the principal “the kids are 
always hungry”.  Teachers expressed that the program is crucial and overwhelmingly thought that it should be 
continued, especially as it introduced students to foods that they would never otherwise have had the opportunity 
to try.  In Canada, it is unacceptable for children to be going hungry.  The results of the current study indicate that 
the vegetable and fruit and relevant nutrient intakes of students in grades six to eight in Kashechewan FN have 
room for improvement.  With adequate funding and resources, this program has the potential to have a positive 
impact on the dietary intakes of children in Kashechewan FN.  The program in the neighbouring community of 
Fort Albany FN serves as an example of the positive outcomes which may be possible if a snack program is run 






 The findings of this study suggest that with adequate funding, personnel, and resources, healthy school 
provision programs have the potential to improve food group and nutrient intakes in FN schoolchildren living on-
reserve who would otherwise not have access to high quality, fairly priced, healthy foods.  Inadequate funding, 
personnel, and resources, however, are serious barriers to program success and should be seriously considered 
prior to the implementation of any program.  More research is needed to determine the impact of such programs in 
other and similar populations, as well as to examine the potentially synergistic effect of nutrition education and 
food provision programs on vegetable and fruit and related nutrient intakes of FN schoolchildren living on 
reserve. 
 
5.4.2 Implications for School Health 
 The current findings have important implications for the implementation of school food provision 
programs in remote FN communities.  Recognition that the sustainability of such programs is dependant on 
overcoming numerous barriers, some unique to each community, is important.  The short-term improvements in 
intake as a result of this program suggest that simple food provision programs have the potential to improve 
vegetable and fruit and relevant nutrient intakes of schoolchildren living in a remote FN community. However, in 
the long term, serious consideration has to be put into sources of funding, personnel, and other resources to 
maintain improved intakes.  Recent research in Nova Scotia, Canada, revealed an independent association 
between overall diet quality, vegetable and fruit intake, and academic performance
 
(Florence, Asbridge & 
Veugelers, 2008).  The teachers in Kashechewan FN indicated that students were more eager and ready to learn 
and more attentive after having their snack.  This finding is supported by a recent systematic review that indicated 
that school breakfasts improved cognitive performance and increased student attendance
 
(Hoyland, Dye & 
Lawton, 2009).  Therefore schools in remote FN communities may wish to investigate the feasibility for the 
implementation of healthy food provision programs in order to improve these parameters, in addition to improving 





5.4.3 Study Limitations 
 The great diversity in Aboriginal populations in Canada means that the results of this study cannot be 
generalized to other populations.  The sample size used in this study was limited, meaning that there was a 
reduced ability to detect changes in intakes.  Although 100% of grade six to eight students in school on the day of 
the WEB-Q completed the questionnaire, the size of the community limited the sample size.  Finally, the self-
reporting nature of the 24-hour dietary recall method makes it prone to underreporting and inaccuracy, however, 
the WEB-Q used in this study has been validated and mimics the multiple-pass method, overcoming this 
limitation
 
(Hanning et al., 2003).  Although one day of intake does not provide the most accurate representation of 
true nutrient intakes, estimating nutrient intakes with any greater degree of accuracy would take away too much 
classroom time and be infeasible in some circumstances (e.g., 39 to 44 days for a true estimate of vitamin A 
intake)
 


















6.0 Chapter 6: Impact of a Comprehensive School Nutrition Education Program on Vegetable and Fruit 
Consumption, Knowledge, Intentions, and Self-Efficacy of Grade Six to Eight First Nations Students  
6.1 Introduction 
 The prevalence of childhood and adolescent overweight and obesity has increased over the past 25 years 
in Canada, and continues to rise (Shields, 2005; Public Health Agency of Canada, 2009).  The problem is 
especially critical in Canadian Aboriginal populations; they have, in recent years, experienced drastic cultural and 
lifestyle changes that have lead to an epidemic of obesity more severe than in the general population (Canadian 
Pediatric Society, 2005; Garriguet, 2008; Tjepkema, 2006; Tremblay et al., 2005).  Overweight and obesity are 
especially concerning as Aboriginal people have been identified as a population particularly susceptible to type 2 
diabetes, typically a condition of adult-onset which is now being observed with increasing frequency in 
Aboriginal youth (Kmetic et al., 2008).  
 
Although the etiology of childhood and adolescent obesity is multi-factorial, a poor diet and inadequate 
physical activity are two potentially modifiable contributors.  Aboriginal people, in general, have poor intakes of 
vegetables and fruit, milk and alternatives, and grain products; “other” foods, those that are nutrient-poor and high 
in fat, sugar, and sodium, are often substituted for more healthy choices (Garriguet, 2008).  A study of FN 
children in Quebec indicated that 98.5% of the children consumed less than five servings of vegetables or fruit per 
day (Downs et al., 2009).  Research in Native American youth in the United States found that less than half of 
reservation youth consumed vegetables or fruit on a regular basis (Di Noia et al., 2005).  Increasing vegetable and 
fruit intakes is an important goal in interventions targeting childhood obesity in the Canadian Aboriginal 
population, as poor intakes have been associated with obesity.  Data from the 2004 CCHS suggested that children 
who consumed vegetables and fruit more frequently were less likely to be overweight (Shields, 2005).  Moreover, 
regions in Canada where vegetable and fruit consumption is lower have higher levels of obesity (Vanasse et al., 
2006).  Analogously, research in the FN community of Sandy Lake, Ontario, indicated that children who had 
greater fibre intakes were less likely to be overweight (Hanley et al., 2000). 
 
Improving the vegetable and fruit intakes of Aboriginal children is challenging due to the many barriers 
faced by many Aboriginal families in terms of the procurement of healthy foods.  Food insecurity (World Food 
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Summit, 1996) is a major problem, and in remote (located at a great distance from a major city), isolated (not 
accessible at all times of year by road) communities, fresh produce is often very expensive, unavailable, or of 
questionable quality.  School nutrition programs are tools to bypass these barriers by providing children with an 
environment conducive to healthy eating, including the provision of healthy snacks for all children (World Food 
Summit, 1996).  Schools are a natural venue for addressing childhood obesity, because children generally spend 
six or more hours there per day, five days per week, and one to two meals are usually eaten there (Budd & Volpe, 
2006). Effective school nutrition programs have the ability to empower students with the knowledge, attitudes, 
and skills required to make positive health decisions (CDC, 1996).  A recent European review by van 
Cauwenberghe and colleagues (2010) concluded that there is strong evidence for multi-component school 
interventions to have a positive effect on vegetable and fruit intakes in children.  The Northern Fruit and 
Vegetable Pilot Program (NFVPP), a school vegetable and fruit program integrating nutrition education and food 
provision was implemented in 18 schools in northern Ontario (He et al., 2007).  The research employed a cluster-
randomized controlled trial design; Intervention Group I included both a vegetable and fruit provision program 
and enhanced nutrition education, Intervention Group II included only a food provision component, and the third 
group was the control (He et al., 2007). Results indicated that the children involved in Intervention I consumed the 
most vegetables and fruit at school and also had favourable preference changes for some vegetables and fruit (He 
et al., 2007).  Students in the Intervention II group consumed more vegetables and fruit than those in the control 
group, but less than those in the Intervention I group, thus the more comprehensive program was the most 
effective at improving intakes (He et al., 2007).  
 
The current study investigates the impact of a pilot multi-component school fruit and vegetable program 
at Peetabeck Academy in the FN community of Fort Albany, Ontario.  The primary aim of the program was to 
improve nutrition knowledge, self-efficacy and intentions to consume a variety of vegetables and fruit, and to 








This research investigated a comprehensive six-week vegetable and fruit school program in the remote, 
isolated FN community of Fort Albany, Ontario from March to April 2010.  The program involved children in 
grades pre-kindergarten to eight at Peetabeck Academy, the First Nation-administered school in the community.  
Fort Albany is accessible only by air year-round, by barge or boat in the ice-free months, and by winter road after 
freeze-up.  It is located on the south shore of the Albany River, 15 kilometres upstream from James Bay and 128 
kilometres north of Moosonee, Ontario (Chiefs of Ontario, 2005; Five Nations Energy, 2005). As with many 
remote, isolated FN communities of its size, living standards are poor (Fort Albany First Nation, 1999).  The 
current research was conducted in partnership with Peetabeck Academy in Fort Albany FN, with permission from 
the Office of Research Ethics at the University of Waterloo.  Passive parental consent procedures were used 
(Appendix C). 
 
6.2.2 Comprehensive School Vegetable and Fruit Program 
In 1996, the U.S. Centers for Disease Control and Prevention (CDC) proposed a framework to guide 
successful school-based nutrition program development (CDC, 1996).  A review by Veugelers and Fitzgerald 
indicated that school-based nutrition programs that applied the CDC framework were more successful in 
achieving dietary change as compared to those that did not (Veugelers & Fitzgerald, 2005). The CDC framework 
and a variety of other sources stress that comprehensive school nutrition programs should integrate health 
education, a healthy environment, healthy policy implementation, community and family involvement, physical 
education, healthy school food service, training for teachers and staff, and program evaluation (CDC, 1996; 
Veugelers & Fitzgerald, 2005; Brant County Health Unit, 2005; OSNPPH, 2004; Perez-Rodrigo & Aranceta, 
2001). Such a framework is in line with Bandura’s (2004) social cognitive theory, which describes the reciprocal 
relationship between individual, behavioural, and environmental factors in terms of behaviour change.  
 
 The program evaluated in this research was modeled after the NFVPP, and was adapted for the specific 
needs of the community by the investigators and community advisors, including the school snack program 
coordinator. The program included all of the previously discussed components of comprehensive school 
76 
programs.  Although it did not include formal training for teachers, the majority of teachers remained in the class 
to observe the lessons.  The program was delivered by a senior undergraduate student with previous teaching 
experience, who resided in the community for the duration of the program.  The program involved 30-minute 
sessions per class that were integrated into the Ontario education curriculum (Ontario Ministry of Education, 
2009), once per week, for five weeks.  Each week, students were engaged in interactive lessons about vegetables 
and fruit (Appendix E), and were given informative handouts to bring home to their parents (Appendix F), 
including recipes and meal ideas.  Lessons included topics such as how to distinguish 100% fruit juice from other 
beverages, tasting and describing the sensory characteristics of different vegetables and fruit (including 
cantaloupe, pineapple, grapefruit, blueberries, asparagus, and blackberries), active games and weight bearing 
activity, CFG, and a vegetable and fruit challenge where each class was encouraged to eat as many vegetables and 
fruit as they could over the period of a week (Appendix E).  The program also involved a healthy food provision 
component building on a snack program that has existed at the school for over 20 years.  The snack program 
coordinator was provided with specific policy guidelines and a sample shopping list to aid in making healthy 
choices (Appendix D).  These guidelines were adapted from recommendations from the Ontario Society of 
Nutrition Professionals in Public Health Steering Committee (OSNPPH), the Cancer Care Ontario Healthy Eating 
Guidelines for School Nutrition Programs Pilot Project (CCO), and the Ontario Ministry of Education, by two 
registered dietitians (OSNPPH, 2004; Cancer Care Ontario, 2010; Ontario Ministry of Education, 2010).  In the 
final week of the program, students were involved in a healthy eating community event, where they applied their 
knowledge by baking and distributing healthy pizzas.  The event also included a free healthy traditional 
community feast; a raffle for fresh produce and other healthy food items (e.g., milk, yogurt), and physical activity 
equipment; and free healthy recipes of the dishes served at the event.  The traditional community feast included 
game meats provided by community members, which were incorporated into healthy dishes.  Some students and 
community members helped in food preparation as well as set-up, clean-up, and dish washing.  The event was 
publicized via posters in key locations within the community (stores, school, etc.). 
 
6.2.3 Program Evaluation 
 All program materials were previewed during a formative evaluation with the school’s snack program 
coordinator, to ensure the appropriateness of the program’s components, culturally and otherwise.  Suggested 
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changes were completed before starting the program.  Program integrity was documented, throughout the course 
of the program, by the undergraduate student delivering the lessons, including what was delivered, participation 
rate, and in-classroom modification to the original program. 
 
Changes in dietary intake were evaluated in grade six to eight students using 24-hour dietary recalls via 
the University of Waterloo Web-based Eating Behaviour Questionnaire (WEB-Q) (Appendix B), which has 
recently been validated in grade six to eight students, including students from Fort Albany, Ontario (n=25, 2004) 
(Hanning et al., 2003, 2009).  The 24-hour recall uses a multiple pass approach, with probes and photo images of 
food portions to help children search a list of over 800 foods for what they consumed the previous day.  It includes 
traditional foods like game meats and fish that may be consumed by Aboriginal students and locally photographed 
portion images.   
 
Changes in vegetable and fruit knowledge, intentions, and self-efficacy were evaluated using the 
Knowledge, Self-Efficacy, and Intentions Questionnaire (KSIQ) (Appendix G), which was delivered on paper.  
The KSIQ was adapted from the Pro Children questionnaire, which was first designed to assess the potential 
determinants related to vegetable and fruit consumption in ten to 11 year old European children (De 
Bourdeaudhuij, Klepp, Due, Perez Rodrigo, de Almeida & Wind, 2005).  It includes questions asking students to 
self-rate intake, knowledge, attitudes, liking, subjective norm, active parental encouragement, general self-
efficacy, intention, habit, preferences, availability, and perceived barriers (De Bourdeaudhuij et al., 2005).  Test-
retest reliability of the questionnaire has been reported as good to very good, and the predictive validity of the 
questionnaire to assess potential determinants related to vegetable and fruit intakes in ten and 11-year-old children 
was noted as moderate to good (De Bourdeaudhuij et al., 2005).  Although the questionnaire has not been 
validated in an Aboriginal population, a formative evaluation with the snack program coordinator aided in 
ensuring its appropriateness and confirming the face validity for students in Fort Albany FN.  The WEB-Q and 
KSIQ were both administered in-class to all grade six to eight students, before and after the education program.  
Only school day intakes were assessed (Tuesday to Friday dietary recalls). 
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Finally, student, teacher, and parent impressions of the program were gathered in order to guide future 
program delivery in the community.  Student impressions were gathered via open-ended questions added to the 
WEB-Q about what aspects they liked and disliked about the program.  Teacher impressions were gathered during 
a focus group with the investigators following program completion.  Finally, parent impressions were gathered via 
a questionnaire during the final community event component of the program (Appendix H).  A Simple Measure of 
Gobbledygook (SMOG) test for readability on the parent questionnaire ensured a grade six reading level, so as to 
not exclude any community members (Government of South Australia, 2006).  A Cree translator was available for 
those who did not speak English 
 
6.2.4 Data Analysis  
Data from the 24-hour recalls were analyzed using the ESHA nutrient analysis software (Salem, Oregon), 
version 7.1 in accordance with the 2007 Canadian Nutrient File (Health Canada, 2009a). The 2007 version of 
CFG was used in analyzing food guide servings from the 24-hour recalls (Health Canada, 2009b).  “Other” foods 
were defined as those foods included in the Canadian Nutrient File category of “other” foods, which includes 
saturated and/or trans fats and oils, foods that do not belong to any category of CFG, foods high in fat and/or 
sugar (including some bakery products), high salt and/or high fat snacks, both higher and lower calorie beverages 
not including 100% juices and milk, and alcohol.  The category does not include unsaturated fats and oils or water 
(Health Canada, 2009a).  Statistical analyses were carried out using SPSS (Chicago, Illinois) version 17.0.  
Descriptive statistics for the sample were used to compare intakes to current standards, based on Estimated 
Average Requirements (EARs), Adequate Intakes (AIs) and CFG recommendations (Health Canada, 2006, 
2009b).  Mean intakes of students in Fort Albany pre- and post-program were also compared to mean intakes of 
Canadian children of the same age and sex, based on CCHS data (Statistics Canada, 2010).  Standards and mean 
intakes used in the comparison are shown in Table 6.1.  Changes in intakes were evaluated using a two-tailed 
Mann-Whitney U test. Because nutrient intakes are influenced by total energy intake (i.e., those who consume 
greater energy also eat, on average, more of all specific nutrients), nutrient and food group intakes were adjusted 
for energy intake using the nutrient density method, to reflect intakes per 1000 kcal (Willett et al., 1997).  The 
KSIQ was scored in terms of knowledge, intention/attitude, and self-efficacy questions, as well as the number of 
vegetables and fruit tried and liked pre- and post-program.  Knowledge, intention/attitude, and self-efficacy 
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sections of the questionnaire were scored out of eight, 18, and 16 points, respectively.  Students were given a list 
of 40 vegetables and fruit to choose from in terms of having tried them and liking them, for a possible score of 40 
for each of these sections.  Changes in KSIQ responses pre- and post-program were evaluated using a one-tailed 
Wilcoxon signed-ranks test, as it was predicted that all scores would improve as a result of the program.  The p-
value of significance for all statistical analyses was 0.05 (5%). 
 
Table 6.1: Estimated Average Requirements (EARs), Adequate Intakes (AIs), Canada’s Food Guide 
recommendations, and Canadian Community Health Survey data to be used in the analysis 




Age Group Nutrient or food group 












Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day)* 
Folate (!g/day)** 
Vitamin A (RAE !g/da)y** 
Vitamin C (mg/day)** 
Vegetables and fruit (servings) 
“Other” foods (servings) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 

















































Note: Recommended intake of “other” foods based on complete dietary exclusion of these foods; RAE refers to 
retinol activity equivalents (vitamin A activity) 
*Adequate intake; **Estimated Average Requirement  
 
6.3 Results 
6.3.1 Nutrient and Food Group Intakes 
 Baseline and post-program dietary intakes were obtained using the WEB-Q.  Thirty students in grades six 
to eight were present to complete the pre-program WEB-Q, and ten were present for the post-program WEB-Q.  
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Thirty-nine students were enrolled in grades six to eight for the period of the program, but because the post-
program WEB-Q was completed near the end of the school year, attendance was poor (26%).  Additionally, a 
number of students were no longer attending school due to behavioural issues.  However, all students present at 
school on the days the WEB-Q was administered completed the questionnaire.  Characteristics of the study 
population are found in Table 6.2.   Overall, no significant changes in the intake of vegetables and fruit, “other” 
foods, fibre, folate, vitamin A, or vitamin C were observed post-program as compared to pre-program (Table 6.3).  
A comparison of pre- and post-program vegetable and fruit intakes are shown in Figure 6.1.  Both pre- and post-
program mean intakes were below those reported by the CCHS for same age and sex groups (pre-program, male 
students aged nine to 13 and 14 to 18 years had average intakes of 3.2 and 3.1 servings, respectively, and females 
had average intakes of 3.8 and 1.5 servings, respectively; post-program, male students aged nine to 13 years had 
and average intake of 3.2 servings while females had an average intake of 2.1 servings (there were no students 
older than 13 years old in the post-program analysis)).  Students generally received one to one and a half servings 
of vegetables and fruit per day as part of the school snack program (including a cup of fruit juice). 
 








Mean age in years (SD) 
Male (%) 
Female (%) 
Vegetable and fruit intake below recommendation (%) 
Fibre intake below AI (%)** 
Folate intake below EAR (%) 
Vitamin A intake below EAR (%) 



















*Intakes in relation to Estimated Average Requirements (EARs), Adequate Intakes (AIs), and Canada’s Food 
Guide standards (“other” foods not included as there exists no formal recommendation or standard) 
**Recognizing that the Adequate Intake is an estimation of adequacy and not a recommendation, per se 
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Table 6.3: Comparison of nutrient and food group intakes pre- and post-program* 
Food group or nutrient 
Baseline intakes 
Median; Mean (SD) 
Post-program intakes 
Median; Mean (SD) 
p Value 
Vegetables and fruit (svgs) 
“Other” foods (svgs) 
Fibre (g/day) 
Folate (!g/day) 
Vitamin A (RAE !g/day) 
Vitamin C (mg/day) 
2.7; 3.2 (3.2) 
4.0; 4.3 (3.4) 
10.4; 11.2 (7.4) 
177.0; 238.1 (194.5) 
245.1; 273.6 (176.1) 
108.5; 122.7 (112.8) 
2.9; 2.9 (3.1) 
2.0; 3.4 (3.5) 
11.0; 12.3 (9.0) 
310.4; 348.4 (225.6) 
305.7; 550.1 (571.4) 







*Intakes shown in table are unadjusted; p-values of significance are for energy-adjusted intakes (per 1000 kcal) 
 
Figure 6.1: Comparison of vegetable and fruit intakes pre- and post-program 
 
 
6.3.2 Knowledge, Self-Efficacy, and Intentions  
 A total of 30 students in grades six to eight completed the pre-program KSIQ (77% students enrolled; 
100% students present at school).  At post-program, 27 students were present to complete the KSIQ (69% students 
enrolled; 100% students present at school).  Eighteen students were included in the paired analysis to detect 
changes in responses post-program as compared to pre-program (Table 6.4).  Note that there were no significant 
differences in any questionnaire component scores between the paired sample and the full sample (paired sample 
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was representative).  Comparison of responses to the KSIQ pre- and post-program are presented in Table 6.5.  
Students showed significant improvements in nutrition knowledge (p=0.003) and the number of vegetables and 
fruit that they had tried (p=0.004) and liked (p=0.003) post-program, as compared to pre-program.  No significant 
changes in intentions or self-efficacy to eat more vegetables and fruit were observed post-program as compared to 
pre-program.   
 
Table 6.4: Characteristics of the study population in the comparison of Knowledge, Self-Efficacy, and 
Intentions Questionnaire responses pre- and post-program 
Population Characteristics 
 Pre-program Post-program Pairs 
N  
















Table 6.5: Comparison of Knowledge, Self-efficacy, and Intentions Questionnaire responses pre- and post-
program 
KSIQ section  

















Vegetables and fruit tried (40) 



























6.3.3 Program Integrity 
 Overall, program attendance was 76%, 48%, 71%, 76%, and 82% for weeks one through five, 
respectively.  Attendance was lowest during the second week because many grade seven students were on a 
school trip.  One class could not be completed because student attention could not be maintained.  Several lessons 
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were modified to make them more interactive, as this style of teaching was seen to be more effective by the co-
operative student delivering the program.  Other modifications were made to make the program more culturally 
relevant and/or relevant to the lives of the students involved, by using examples that they would be familiar with.  
Otherwise, the program went according to plan.   
 
6.3.4 Student Impressions 
 Student impressions of the program were collected via the post-program WEB-Q (n=10).  Student 
impressions of the program were overwhelmingly positive.  When asked about their favourite part of the program, 
most students enjoyed the interactive lessons involving kinesthetic learning, where students were physically 
involved in what they were learning (tasting, cooking, playing games), best.  One such lesson involved the 
preparation of healthy vegetable pizzas to teach students how to prepare healthy, homemade versions of their 
favourite foods.  One student in the sixth grade said “we all loved the pizza!” while another from grade seven said 
“I really liked the part where the class made pizzas”.  Another lesson involved the tasting of a number of 
vegetables and fruit, where students were asked to describe the colour, texture, taste, and smell of the vegetable or 
fruit, as well as their opinion. A sixth grade student said “I liked trying new foods”, another said “I liked tasting 
new foods”, while a third said “making pizza and tasting food!!” when asked about their favourite part of the 
program.  Students also expressed a desire to learn more, saying they would like to know “how many fruits there 
are” and learn “about the benefits of vegetables and fruits”. 
 
6.3.5 Teacher Impressions 
 Teachers impressions of the program were collected via a focus group with all of the teachers present that 
day (June 2010; n=16, response rate 94%).  Most teachers had positive impressions of the program, while others 
did not express an opinion (favourable or otherwise).  Nevertheless, the teachers echoed what was expressed by 
the students, saying “kids really liked the taste testing”.  They saw special value in the tasting lesson as most 
students had never heard of many of the vegetables or fruit before, and it was good for them to be exposed to 
vegetables and fruit that they would otherwise not have the opportunity to try.  Teachers also said that the students 
especially liked the physical activity components of the program.  One teacher noted that she saw a “huge 
difference” in the students as a result of the program, in that they now knew the four food groups and were excited 
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about nutrition.  Teachers saw it as especially valuable to have somebody who is not the teacher who has the 
energy and time to come into the classroom and make nutrition a priority.  In terms of future initiatives, all 
teachers thought that the program should continue.  One teacher expressed a need for more visual teaching 
materials and more teaching about the amounts of sugar in foods and type 2 diabetes.  Although teachers were not 
formally trained, most stayed in the classroom to observe while lessons were being taught.  However, teachers 
expressed a lack of time and energy to focus on nutrition and that having someone come to the class was most 
effective. 
 
6.3.6 Parent/guardian Impressions  
 Parent/guardian impressions were collected via questionnaires at the community feast at program 
completion (n=47; 100% of available surveys).  Any community member who stated that they had a child 
attending the school was welcome to complete the survey (included parents, grandparents, and other guardians).  
Parent/guardian impressions of the program were very positive.  Overall, 87% of parents/guardians who 
completed the questionnaire knew that the program existed.  Seventy-three percent of parents/guardians reported 
that their child/children had either told them about or asked them to buy the vegetables and fruit they had tried at 
school.  The major barriers to consuming vegetables and fruit expressed were that they were too expensive (68%) 
and/or not fresh at the store (49%).  No parents/guardians reported the fact that vegetables and fruit do not taste 
good being a barrier.  In the words of one parent/guardian, “by the time they (vegetables and fruit) get here, they 
get rotten”.  Other parents/guardians said they would serve more vegetables and fruit at home “if there was a fresh 
stock at the store” or if there was “fresh produce and lower prices”.  Overall, 100% of parents/guardians thought 
the program should continue to run.  In the words of one parent/guardian, “This is a good program for our 
problem, which some homes don’t receive these kinda good healthy food” while, another said that the program 
should continue because “I know there is good going into my children”.  Another said “I love this program.  I 
think nutrition classes should happen more often” while, one parent/guardian stated that “kids learn and are alert 
when they don’t feel hungry”.  Parents/guardians also expressed a desire for more community events including 
farmer’s markets, where fresh foods would be available at a reduced cost.  The community feast was well attended 
(over 150 attendees) and well appreciated, and parents/guardians expressed a desire for future similar events.  
Most parents/guardians thought that the education material they had received through the program was useful.  
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Some suggestions for information that could be included in the future included a “food programme for picky 
eaters” and information on “cost effective healthy foods”. 
 
6.4 Discussion 
 Overall, the findings suggest that a multi-component fruit and vegetable education program was 
beneficial in terms of improving the exposure of students at Peetabeck Academy in Fort Albany to a variety of 
vegetables and fruit, and improving their nutrition knowledge about vegetables and fruit.  The intakes of 
vegetables and fruit and associated nutrients of students in Fort Albany did not significantly improve as a result of 
the program, which is in contrast to the results of the NFVPP, after which this program was modeled (He et al., 
2007).  However, because a school snack program was already in place prior to the start of the comprehensive 
program in conjunction with the barriers to eating more vegetables and fruit (as expressed by parents/guardians), 
this result is not surprising.  It is possible that if vegetables and fruit were more readily available within the 
community, that dietary change would have been more likely; however, such barriers to healthy eating were not 
addressed by the program and should be the focus of future initiatives.  Additionally, the small sample size limited 
the power to see any significant dietary changes.  Still, although the school snack program serves approximately 
one to one and a half servings of vegetables and fruit per student per day, there is room for improvement.  One 
serving of vegetables and fruit is provided through fruit juice, which is not ideal, and the variety of vegetables and 
fruit served is limited (mostly apples and oranges) due to availability.  Because of this, the healthy school policy 
portion of the program was only followed only as closely as was possible, considering limited availability.   No 
significant improvements in self-efficacy and intentions to eat more vegetables and fruit were observed.  These 
findings are likely largely reflective of the numerous barriers faced by those living in remote, northern 
communities when it comes to the acquisition of fresh produce.  As revealed in the parent questionnaires, the fact 
that vegetables and fruit at the store are usually not fresh and extremely expensive, make them inaccessible to 
most community members, especially considering the high rate of food insecurity experienced in the community 
(Skinner K, personal communication).  It is not that parents do not find vegetables and fruit appealing, but rather 
that they do not have adequate access to them.  Although the program piloted in this study employed a 
comprehensive, multi-component approach shown to be more effective in improving dietary intakes (Veugelers & 
Fitzgerald, 2005), the characteristics of the community in question may have impeded any improvements in intake 
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beyond that seen via simple food provision. As the school snack program was already in place at the time of the 
pre-program dietary recall, whether or not the food provision itself improved intakes could not be measured.  
However, the snack program generally provides students with one fruit or vegetable serving per day that they are 
likely not receiving at home.  The fact that self-efficacy and intentions to consume more vegetables and fruit did 
not improve as a result of the program is also reflective of such barriers.  It cannot be expected that students would 
intend to consume more vegetables and fruit or feel that they are more able to make healthy choices as a result of 
improved nutrition knowledge, when these choices are not even available to them.  Although the school snack 
program, which has been in effect at Peetabeck Academy for more that 20 years, is an invaluable resource for the 
promotion of healthy eating for the community’s children (Skinner et al., 2006), the vegetable and fruit and 
related nutrient intakes of the students involved in this study can still be improved (Table 6.5).  The findings of 
this study suggest that improved nutrition knowledge does not necessarily translate into improved intakes, 
especially in communities that face numerous barriers to the acquisition of fresh, affordable healthy foods.  A 
recent review by McClain and colleagues (2009) suggests that nutrition knowledge is not necessarily associated 
with healthy eating.  In addition, research by Bihan and colleagues (2010) suggested that a lack of financial means 
for purchasing vegetables and fruit is associated with poor vegetable and fruit intakes among a low-income French 
population.  Such is likely also the case in the community examined in the current study, because of high food 
insecurity rates (Skinner K, personal communication).  Therefore, further initiatives should include more 
community-based health improvement strategies to help improve the access to healthy foods at a reasonable cost 
(fresh or otherwise).  This could involve more farmer’s markets based on foods flown into the community, 
community gardens, co-operative buying programs, or healthy community feasts. 
 
 The findings of this study are supported by earlier research in Fort Albany by Skinner and colleagues 
(2006), which identified the barriers and supports to healthy eating in the community via qualitative interviews 
and an environmental scan.  Identified barriers included food insecurity related to the cost, availability, variety, 
and quality of foods available at the store, lack of exposure to different foods, and remoteness, among others 
(Skinner et al., 2006).  These same themes emerged in the responses to the parent questionnaire that were a part of 
the current study, and remain critical barriers to the improvement of diet quality in the community as a whole.  
Additionally, Skinner and colleagues identified the school snack program, and the expansion of such programs, as 
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important opportunities for healthy eating within the community (Skinner et al., 2006).  The vegetable and fruit 
education program piloted in this study builds on such opportunities, but failed to demonstrate improved dietary 
intakes, likely due to limited power and the fact that the school snack program was already in place prior to the 
start of the program.  However, even though knowledge is not consistently associated with healthier eating 
(McClain, Chappuis, Nguyen-Rodriguez, Yaroch & Spruijt-Metz, 2009), with the reduction of barriers concerning 
the cost and availability of healthy foods, the knowledge gained by students in this program may allow them to 
make healthier choices and thus improve their dietary intakes.  This is where community based initiatives, like 
farmer’s markets and community gardens, would be vital. 
 
 The program was very well received.  Students, parents, and most teachers were all very enthusiastic, 
especially in light of the barriers to healthy eating within the community, and the high prevalence of obesity and 
type 2 diabetes in Aboriginal communities in Canada.  The process evaluation revealed the need to be flexible 
when implementing programs in Aboriginal populations, and sensitive to culture.  The classes that involved 
kinesthetic learning were most enjoyed by the students, and in future initiatives, interactive lessons would be 
encouraged as they were very well received and kept the attention of the students, while helping them learn in a 
positive environment.  The tasting sessions were also very well received by both students and teachers, and may 
have special relevance in remote, northern communities where a large variety of fresh produce is not normally 
available.  A recent review by Cooke (2007) indicated that children who have many opportunities to sample a 
variety of healthy foods from an early age tend to have healthier diets throughout childhood.  Cooke’s review 
suggests that simple food exposure may be enough to change food preferences (Cooke, 2007).  As previously 
noted, tasting may therefore be especially important in programs in schools in remote, northern communities 
where healthy foods are often not available, and students may never have tasted a wide variety of vegetables and 
fruit.  In combination with sound nutrition education and the reduction of serious barriers to healthy eating that 
exist in many remote, northern communities, exposure to healthy foods in school may have the ability to improve 
the dietary intakes of children in such communities.  
 
 Perhaps in a less remote community, a similar program may have been more effective in improving 
dietary intakes as well as self-efficacy and intentions to eat more vegetables and fruit, as fresh produce would be 
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readily available.  Although knowledge, self-efficacy, attitudes, and intentions are antecedent to behaviour 
change, these act reciprocally with the environment (Bandura, 2004).  While improving the school environment is 
a step in the right direction, it is not sufficient in relation to the total food intake as was measured.  The barriers 
faced by community members in Fort Albany, including inadequate and inconsistent access to healthy foods at a 
reasonable cost, were major impediments to health behaviour change in the context of this study. 
 
 Overall, the current study suggests that a comprehensive multi-component vegetable and fruit education 
program positively influenced the preferences for and exposure to a number of vegetables and fruit in grade six to 
eight students at Peetabeck Academy in Fort Albany FN.  These results are encouraging as it is suggested that 
children who are exposed to more healthy foods at a young age are more likely to have a healthy diet throughout 
childhood (Cooke, 2007).  This is especially relevant in communities such as Fort Albany FN, where students 
would otherwise likely not have access to most vegetables and fruit. 
 
6.4.1 Study Limitations 
The great diversity in Aboriginal populations in Canada means that the results of this study cannot be 
automatically generalized to other populations. The sample size used in this study was limited, meaning that there 
was a reduced ability to detect changes in intakes.  Finally, the self-reporting nature of the 24-hour dietary recall 
method makes it prone to underreporting; however, the WEB-Q used in this study has been validated and mimics 
the multiple-pass method, which may help to overcome this limitation (Hanning et al., 2009).  Although one day 
of intake does not provide the most accurate representation of true nutrient intakes, estimating nutrient intakes 
with any greater degree of accuracy would be take too much time away from the classroom and be infeasible in 
some cases (e.g., 39 to 44 days for a true estimate of vitamin A intake)
 








7.0 Chapter 7: Conclusions and Future Directions 
 This thesis investigated the vegetable and fruit intakes of FN children and adolescents living on-reserve 
in Ontario; included were data from seven FN communities collected from 2003 to 2010.  The results of this study 
are particularly relevant considering the paucity of data regarding the dietary intakes of FN children and 
adolescents living on-reserve in Canada.  Overall, the findings indicated that the participants had high rates of 
overweight and obesity, low intakes of vegetables and fruit, and intakes of “other” foods that exceeded vegetable 
and fruit intakes, in terms of servings.  Because mean intakes of “other” foods exceeded those of vegetables and 
fruit in all age and sex categories, it is possible that “other” foods are displacing vegetable and fruit intakes.  This 
is likely reflective of the availability of these foods in the participating communities, where “other” foods are 
generally more readily available and less expensive than vegetables and fruit.  These data are in agreement with 
those from Aboriginal children and adolescents living off reserve in Canada (Garriguet, 2008).  Data for children 
and adolescents living on reserve are less extensive, but results of a number of studies were also in agreement with 
the results of the current investigation (FNRHS, 2003; Di Noia et al., 2005; Downs et al., 2009).   
 
The overweight and obesity rates observed in this study (seven communities) were 31.8% and 19.6%, 
respectively.  These figures are similar to those of other on-reserve FN children aged 12 to 17 years as reported by 
the FNRHS of 28.1% and 14.1%, respectively (FNRHS, 2003; self-reported height and weight data).  In contrast 
to other research suggesting a relationship between vegetable and fruit and fibre intakes and BMI, the current 
study did not support this association in the population investigated (Shields, 2006; Pereira & Ludwig, 2001; 
Hanley et al., 2000).  This may be due, in part, to the fact that there was not much variation in fibre intakes among 
the sample (most participants had low vegetable and fruit and fibre intakes, as compared to standards).  It is 
therefore unlikely that vegetable and fruit or fibre intakes were contributing to satiety, which may be more likely 
with intakes at or above current standards, and therefore intakes were not significantly associated with BMI.  This 
study was limited by the fact that height and weight data were self reported, which may have lead to inaccuracies 
in the BMI calculation.  However, students were given adequate tools to accurately measure height and weight 
and the survey was completely anonymous, which reduced bias.  This study was also limited by the lack of waist 
circumference data, which may have provided more insight into the relationship between adiposity and vegetable 
and fruit and fibre intakes.  Additionally, statistical power to observe significant associations was limited by the 
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sample size.  It is therefore possible that a relationship between vegetable and fruit and fibre intakes and BMI does 
exist in this population but that the sample size was insufficient to observe any significant associations.  Future 
research in this population should include using measured heights, weights, and waist circumferences along with 
24-hour dietary recalls, which may provide more insight into the relationship between body mass, adiposity, and 
vegetable and fruit and fibre intakes. 
 
 The poor intakes of vegetables and fruit (especially relative to intakes of “other” foods) in the 
participants merit the implementation of population health interventions to promote a healthy diet, enhance food 
security, and improve access to healthy food.  In Fort Albany, parents expressed a desire for more farmer’s 
markets or other types of interventions that would provide consistent access to affordable, healthy foods 
(community gardens, community feasts, etc.).  The primary reasons for not consuming vegetables and fruit 
expressed by parents in Fort Albany were that they were too expensive and not fresh.  It is likely that the other 
communities of the Mushkegowuk Territory are experiencing a similar situation.  Although the school programs 
piloted in this research did not improve vegetable and fruit intakes, school nutrition programs may still be a viable 
approach to improving intakes, if barriers such as price, availability, and quality can be addressed, as children 
spend much of their time in school and make up a large proportion of the population.  In Kashechewan FN, results 
suggested that, under ideal circumstances, a simple food provision program could improve the fruit and vegetable 
intakes of grade six to eight students.  Although improvements in intakes were not significant, considering the 
small sample size, the fact that intakes changed in a positive direction is encouraging.  However, the program also 
brought to light the fact that in order to be successful, school food provision programs require adequate dedicated 
personnel, sufficient funding, and adequate resources including storage space (refrigerators, etc.).  Such barriers 
should be addressed prior to the implementation of similar programs in other communities in order to encourage 
program success in terms of improved intakes and consistent program delivery.   
 
 In contrast to current research indicating that comprehensive, multi-component programs are more 
effective at improving dietary intakes as compared to simple food provision programs, the results of the pilot 
comprehensive nutrition education program in Fort Albany FN did not support this association (He et al., 2007; 
Van Cauwenberghe, Maes, Spittaels, van Lenthe, Brug & Oppert et al., 2010).  As hypothesized, vegetable and 
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fruit intakes in grade six to eight students who participated in the program did not improve beyond intakes pre-
program, when the snack program was already in place.  It is hypothesized that this was a reflection of the 
numerous barriers to healthy eating in remote, northern communities, including inadequate access to produce of 
consistent quality at a reasonable price.  As previously noted, parents/guardians expressed that the major barriers 
to eating more vegetables and fruit were price and freshness.  No parents/guardians said that they did not consume 
more vegetables and fruit because they did not like them.  However, because physical barriers to healthy eating in 
the community were not removed as part of the program, intakes did not improve, despite the significant 
improvement in fruit and vegetable nutrition knowledge among grade six to eight students.  It should be noted, 
however, that the school snack program, which provides approximately one and one half servings of vegetables 
and fruit per student per day, contributed to 42.9% of vegetable and fruit intakes pre-program (3.2 servings), and 
51.7% to post-program intakes (2.9 servings) (assuming all students participated in the snack program the day 
before the recall).  Even with the school snack program, intakes remained below CFG recommendations, which 
emphasizes the importance of the program, considering how much it contributes to the vegetable and fruit intakes 
of the students involved.  The program did not have any impact on intentions or self-efficacy to eat more 
vegetables and fruit, presumably due to the physical barriers to healthy eating within the community, as expressed 
by parents/guardians.  Encouraging, though, is the fact that the participating students had significant 
improvements in the number of vegetables they had tried and liked.  Unfortunately, in a community such as Fort 
Albany, intake is not necessarily determined by food preferences but may be more influenced by food price and 
availability.  Therefore, initiatives that would remove barriers to healthy eating by making vegetables and fruit 
more accessible and more reasonably priced could lead to improved intakes of vegetables and fruit by students, as 
exposure to and preferences for these foods improved significantly.   Finally, it must be noted that the pilot school 
nutrition program in Fort Albany was only a short-term initiative.  Dietary change does not happen overnight, nor 
can it be expected to change significantly in only a few short weeks.  The fact that the children and adolescents 
involved in the program experienced significant improvements in nutrition knowledge and in the number of 
vegetables and fruit that they tried and liked is encouraging.  More consistent, long-term initiatives may still have 
the potential to improve intakes, self-efficacy, and intentions, especially if interventions to help reduce 
community-level barriers to healthy eating, such as food insecurity and the availability of healthy, affordable food. 
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 Overall, the research presented in this thesis suggests that comprehensive school nutrition programs have 
the potential to influence food preferences, improve exposure to vegetables and fruit, as well as improve nutrition 
knowledge.  However, it also indicated that these positive changes were not enough to improve dietary intake of 
vegetables and fruit and associated nutrients.  This may be a reflection of the length and intensity of the programs, 
which may not have been sufficient to initiate significant dietary change, as well as the presence of community-
level barriers to healthy eating which were not the focus of the school nutrition program.  Unfortunately, as 
expressed by parents/guardians, there remain numerous barriers to the success of such programs and to the 
improvement of dietary intakes in remote, isolated FN communities; namely food insecurity and the 
inaccessibility of healthy foods for the majority of the population.  Future research, as suggested by community 
members, should therefore include further community-based interventions, including farmer’s markets, healthy 
community feasts, and community gardens to help improve access to affordable, healthy foods of consistent 
quality.  Such initiatives are very well received within the community and may have the potential to further 
improve the dietary intakes of children and adolescents residing in these communities.  Although the school 
nutrition programs involved in the current research did not improve intakes, the fact that nutrition knowledge and 
exposure to and preferences for vegetables and fruit improved suggests that suggests that with the removal of the 
barriers to healthy eating in the involved communities, intakes may improve.  Therefore combined interventions, 
including school nutrition programs and community interventions directed at reducing barriers to healthy eating 
may be effective at improving intakes. 
 
 The Aboriginal communities involved in this research are in need of further knowledge to allow them to 
collaborate with researchers to take positive steps toward improving the health and well-being of their community 
members.  A participatory approach is ideal, and would allow the participating communities to build on their own 
strengths and resources to implement viable health improvement strategies.  The extensive dietary, physical 
activity, and eating intentions data collected in this research may be used in future health improvement initiatives 
in the involved communities, and future steps should involve the input of the target communities as to be of 
benefit to both the communities and researchers.  A review by Willows (2005a) revealed gaps in current 
Aboriginal health research related to dietary intake; the gaps identified could be the inspiration for future research 
using the data collected using the WEB-Q over the past seven years and data to be collected in the future.  For 
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example, Willows (2005a) identified health beliefs about different foods (traditional versus market foods), and 
how these health beliefs affect dietary intake as a topic area that is currently under-researched in Aboriginal 
populations.   It would be extremely interesting to determine whether or not health beliefs really do affect dietary 
intake in the participating communities, or whether dietary intake is influenced more by other variables such as 
food insecurity, price, and availability, among others.  Such information would inform the implementation of 
future initiatives aimed at dietary improvement.  Another area of research that is understudied is the influence of 
store managers and store policies in remote Aboriginal communities in terms of the types of foods available in the 
store, prices, and how price and availability affect choice and dietary intake on a whole (Willows, 2005a).  
Research by Skinner and colleagues (2006) in Fort Albany revealed that community members were frustrated 
with the prices and food availability at the store, but that they felt they had no power over the issue.  Community 
members expressed that because store managers changed every three years, they felt no connection to the 
community (Skinner et al., 2006).  Moreover, some community members had requested specific items from the 
store, without success (Skinner et al., 2006).  A further investigation into store policies and managements and 
whether or not this affects food availability, price, and diet would be of value.  Although all Aboriginal people 
living in remote communities deserve equal access to reasonably priced, healthy foods, if price and availability 
were found to be significant impediments to a healthy diet, this would provide an even stronger argument for 
action.  A final area of research which could prove extremely interesting would be an investigation into the 
balance of the benefits accrued through traditional food intake and the harms of contaminant exposure (Willows, 
2005a).  Literature into traditional food intake generally posits that a diet rich in traditional foods is healthier than 
one rich in market foods, which are generally of lower nutritional quality (Kuhnlein et al., 2004; Willows, 2005a).  
However, a serious barrier to traditional food intake is environmental contamination (Power, 2005).  Therefore, 
the simple recommendation to consume more traditional foods could prove harmful; a balance between what 
amounts and types of traditional foods are beneficial in terms of health and what amount and types are harmful 
must be identified in order to make sound recommendations for traditional food intake. 
 
 Overall, the current research revealed valuable information regarding the dietary intakes and weight 
status of Aboriginal children and adolescents living in northern and southern Aboriginal communities in Ontario.  
It also provided a unique look into the benefits of school nutrition programs in remote communities, and the 
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numerous barriers to program maintenance.  The communities involved in this research are in need of further 
investigations to help guide future health promotion initiatives.  The investigations previously proposed would 
help the communities understand where resources should be applied in terms of future health improvement 
strategies.  It is certainly unjust that Aboriginal people living in northern, remote communities in Canada do not 
have equal access to affordable, healthy foods; identified by community members in Fort Albany as a major 
hindrance to healthy eating.  The accurate identification of major obstacles to healthy eating in Aboriginal 
communities will help guide future participatory action involving the communities and researchers, with the aim 
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Legend to Appendix A: 
Communities: Att: Attawapiskat; CI: Christian Island; FA: Fort Albany; GI: Georgina Island; Kash: 
Kashechewan; MF: Moose Factory; P: Peawanuck 
Seasons: W: Winter; F: Fall; Sp: Spring; Su: Summer 
*Collection included only the KSIQ and not the WEB-Q 
 
Appendix B: Web-Based Eating Behaviour Questionnaire Screen Shots  





































































































Appendix E: Student Handouts 
 
















































































































Appendix F: Parent Resources 
 
Resource I: Eating Well with Canada’s Food Guide for First Nations, Inuit, and Métis (see Appendix D) 
(Week 1) 
 
























Resource III: Canada’s Physical Activity Guide for Youth (see Appendix D) (Week 3) 
 


























































































































Appendix H: Parent/Guardian Impressions Questionnaire  
 
 
 
